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FOREWORD 
Predation upon muskrats by minks, both of which species can be 
regarded as very important fur-bearers (and occasionally as local 
pests), naturally has its economic aspects. This bulletin does 
not relate exclusively to the economics of such predation, however, 
for the fecundity and biological "success" of the prey (which is 
allied to the meadow mouse) and the predacious efficiency of its 
enemy (a member of the weasel genus) also impart to their 
predator-prey relationships a rather unique philosophical interest. 
\V ork done on this problem before 1932 was largely incidental 
to other field studies or in connection. with personal trapping for 
fur; in 1934, the intensive phase of the research was begun under 
the 1932-35 cooperative wildli fe research program of Iowa State 
College and the Iowa Fish and Game Commission, with the aid 
of funds contributed by J. N. ("Ding") Darling; in 1935 and 
thereafter, researches were continued under cooperative programs 
of Iowa State College, Fish and Wildlife Service1 of the United 
States Department of the Interior, Iowa State Conservation 
Commission and American Wildlife Institute. 
Attempt has been made in the present writing to give credit 
in the bibliography and in appropriate places in the text for major 
help and information received from sources other than the 
investigation. Even so, much help cannot be specifically acknow-
ledged, if only for reasons of the numbers of persons who have 
in some way contributed and of the difficulties in tracing the 
slow development of thought trends and concepts over a long 
period of years. 
1 Reorganized in 1940 from the Bureau of Biological Survey, formerly 
of the United States Denartmcnt of ,\ o-rip.l1lture, and the Bureau of 
Fisheries, United States Department of Commerce. 
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SUMMARY 
The present analysis is based on data first acquired incidental 
to personal fur-trapping (principally in South Dakota, 1915-28), 
later as a product of intensive year-to-year field researches in 
central and northern Iowa, 1934-42. In the intensive phases of 
the investigations, particular efforts were made to inquire into 
the mechanics of predation suffered by the muskrat at different 
densities, under different environmental conditions, and at dif-
ferent seasons. . 
It was found that strangeness of environment, intraspecific 
intolerance, and drouth were especially important in predisposing 
muskrats of north-central United'States to predation, as by minks; 
and that kinds and numbers of wild predators doing the preying, 
with a few apparent exceptions, had little bearing upon the net 
mortality suffered by the muskrats. For reasons of intercom-
pensatory (automatically adjusting) trends existing in reproduc-
tive as well as loss rates of the muskrats, severity of predation 
(or, at any rate, statistics on numbers of muskrats or on pro-
portions of popUlations killed) may leave highly misleading 
impressions as to population effect. Even when 10caUy nearly 
annihilative, predation rarely showed evidence of functioning as 
a true population depressant, insofar as it usually only took the 
place of some ot~er mortality factor and as, in its absence, some 
other factor, particularly intraspecific strife, tended in its turn 
to become sufficiently operative to compensate for decreased 
predator pressure. 
Seasonal and special aspects of mink predation upon muskrats 
may be summarized according to categories that have become 
apparent in the course of the north-central studies: 
( a) Upon mature or maturing muskrats during spring dis-
persal from wintering to breeding quarters. Remains of muskrats 
may often, if not usually, be conspicuous about marshy mink 
retreats in April and May, but the evidence is that the victims are 
chiefly surplu.s, unmated, stri fe-battered, wandering males - a 
part of the population that is typically lost in many localities, 
irrespective of whether through predatory enemies, intraspecific 
strife, or other factors. 
(b) Upon breeding popUlations of muskrats. Adults established 
in familiar "territories" suffered slight loss from natural enemies 
unless placed under overwhelming disadvantage by drouth emer-
gencies or the like; even on dry marshes hunted over by minks 
and foxes, some old muskrats were able to live on and on during 
the warmer months. 
(c) Upon y'oung muskrats. The immature animals were 
observed to suffer most from depredations of minks when drouth 
conditions were acute and when states of overpopUlation prevailed 
801 
in their habitats. The only type of'loss from minks that did not 
appear to be decidedly intercompensatory was among muskrat 
litters in the vicinity of mink dens, and only for one season and 
for a small part of one area do the data indicate a net depressive 
influence on population recovery of the muskrats. The heaviest 
losses of young accompanied rather than governed the directions 
taken by population curves. If populations of young were basically 
insecure, their losses tended to occur through several agencies, 
singly or combined. When mink predation was severe, other 
losses had a tendency to diminish in proportion; lessening of 
mortality through predation was largely counterbalanced ty in-
creased killing of young by older muskrats or by acceleration of 
miscellaneous losses. Apart from human, climatic, and general 
environmental factors relating to recovery of muskrats during 
the breeding season, the species' own psychology rather than its 
theoretical reproductive potential, or the impacts of its enemies, 
seemed to be the primary regulator of local rates of increase. 
Adults under crowding not only turned deadly teeth upon annoy-
ing young but were also known to stop breeding ahead of schedule; 
conversely, one of the main antecedents of breeding prolonged 
late in the season was poor success in the rearing of earlier litters. 
(d) Upon late summer and early fall muskrat populations. 
The interim between the end of the breeding season in late July 
and August and the hard frosts of late September and October 
was one of minimal intraspecific friction in muskrat habitats 
under observation. Known mink predation was light at this 
season except that upon drouth exposed muskrats and upon those 
which for any reason had fallen into hazardous wanderings. 
( e ) Upon wintering muskrat populations. Vulnerability to 
minks of the drouth-exposed and the transient muskrats was 
pronounced during cold weather but such animals were from one 
cause or another so inevitably doomed - actually dying more 
from intraspecific attack. hunger, and cold than from predation 
in instances closely studied - that the exact medium of their 
elimination in the end made scant difference, biological or other-
wise. Seldom could it be judged that absence of minks or of 
other specific predators would have meant greater winter survival 
of patently handicapped individual muskrats. There was, never-
theless, conspicuous mink pressure upon some populations that 
were apparently wintering with fair security except from this 
cause, and, to a large extent, such predation would seem to be 
noncompensatory or of intercompensatory action delayed until the 
spring dispersal. This imperfectly understood type of predation 
had on the Iowa areas a tendency to become increasingly manifest 
in late winter as high densities of muskrats approached the period 
of dispersal and may conceivably be linked with increasing 
irritability and unrest. 
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On the whole, any factor, whether of "natural" ongm or 
associated with man, that promoted instability in muskrat popu-
lations heightened vulnerability to predators, and the resulting 
losses were likely to show a high degree of intercompensation: 
Translated into terms of fur management, the data in hand 
suggest that little increase in revenue from muskrats would be 
gained by deliberate repression of minks in north-central areas 
where the muskrat pelts are taken in fall and -winter. Where 
muskrat trapping is done in early spring, it is probable that re-
duction of minks by mid-winter would serve more or less to 
bolster top-heavy muskrat populations long enough to permit 
utilization by man. In either event, considering the characteristics 
of the various types of mink predation upon muskrats rather than 
the mere facts that predation occurs and may be severe, the 
management and harvest of both minks and muskrats on a 
sustained yield basis should be preferable in fur economics to 
intentional sacrifice of one resource for the sake of limited 
or dubious benefit of the other. 
In an attempt partially to appraise certain aspects of the role 
of the mink in the evolution of the muskrat, it is thought that 
mink predation, in contrast with drouth, does not have the 
attributes of a highly selective agency, despite its representing 
one of the most severe pressures exerted by a vertebrate enemy 
upon a prolific rodent. 
An Analysis of Mink Predation upon 
Muskrats in North-Central 
United States 2 
By PAUL L. ERRINGTON 
Evidences of minks (MusteTa won) preying upon muskrats 
(Ondatra zibethicus) 3 are at times spectacularly conspicuous. 
The general view of naturalists and trappers is that, with the 
exception of man, the mink is the muskrat's supreme enemy (5, 
pp. 266-267; 52; 60, p. 288; 89, p. 593). Dearborn (18, p. 32) 
lists muskrat remains in 65.92 percent of 297 food-containing 
mink carcasses obtained in Michigan during the winter of 1930-31 ; 
Hamilton (55) reports an incidence of 49.33 percent for 300 
mink scats collected in summer, 1939, from the Montezuma Marsh 
of central New York; and numerous lots among thousands of 
Iowa mink scats examined in recent years by Kenneth Krumm 
and me (unpublished) reveal similarly impressive representations 
of this item. 
There is, nevertheless, more to the appraisal of predator-prey 
relationships than determining whether, or to what extent, pre-
dators kill or eat certain animals (22, 28, 40, 45). Population 
phenomena of prey species should not be left out of consideration 
- notably as they may be linked with automatically compensatory 
trends in both mortality and reproductive rates - nor should the 
roles of natural emergencies and human interference in accentuat-
ing vulnerability be overlooked. Indeed, the amount of predation 
suffered by the prey may by no means always be a v~lid criterion 
for differentiating losses that are only incidental or immaterial 
from those that may have real significance in the maintenance of 
population levels. 
This bulletin is intended to bring together and to correlate the 
data obtained concerning mink predation upon muskrats in north-
central areas with which I am familiar, especially in central and 
northwestern Iowa and in eastern South Dakota. Discussions 
of influential factors according to different perspectives are 
undertaken in the interests of comprehensiveness, and these 
necessarily call for some treatment that is repetitive, indirect, and 
possibly not at all easy to follow. 
2 Project No. 498 of the Iowa Agricultural Experiment StatIon. 
S Including the Louisiana muskrat, commonly referred to In the 
Ilterature as Ondatra rivalicfa (17). 
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BACKGROUND AND METHODS OF STUDY 
This analysis may be said to have had its inception in the winter 
of 1915-16, when, as a youthful trapper in Brookings County, 
South Dakota, I had a good chance to observe minks and muskrats, 
as species and in relation to each other. That winter was the 
first of 13 spent either wholly or to a substantial extent trapping 
for fur. By 1919 I had begun to take field notes and, in 1923, 
prepared summaries of trapping observations on the two fur-
bearers (unpublished MSS). 
My early observations have the shortcomings to be expected 
from immaturity and unguided effort, but their present supple-
mentary value should not be underrated. Not only were they 
made while some of the primitive abundance of the prairie fauna 
still existed, but they also reflect what a trapper sees and how 
he thinks, hence provide a basis for evaluating the trapper testi-
mony that is prominent in the literature on fur animals. Further-
more, a large proportion of the observations are themselves 
accurate, questionable though my original interpretations of them 
may have been. The South Dakota data from open water or 
rush-fringed lakes are in many ways superior to those more 
recently acquired from comparable Iowa habitats. 
From 1924 to 1928 I was in attendance intermittently at South 
Dakota State College, receiving scientific direction particularly 
from Dr. E. C. O'Roke (now of the University of Michigan), 
Professor H. C. Severin and the late Professor J. G. Hutton. 
Conclusions from field studies carried on under the supervision 
of the Department of Entomology and Zoology during the last 
two of my fur-trapping winters, 1926-27 and 1927-28, were 
presented at the 1928 meeting of the South Dakota Academy of 
Science (21). A composite of observations on winter-wandering 
of muskrats was prepared in short story form, also in 1928, but 
not published until a decade later (30). 
The interval between the trapping years and the summer of 
1934, before the Iowa investigation got under way on a nearly 
full-time schedule, was meagedy productive of data on the 
muskrat as an ecological subject and on the mink as its enemy. 
The eight years' accumulation of data, 1934-42, supply the greater 
part of the groundwork for this paper, previous observations 
being integrated to the extent of their apparent reliability, com-
pleteness and pertinence. 
Appendix A summarizes the scope and comparative quality of 
the mink-muskrat studies in local habitats kept more or less under 
observation in north-central states. In addition to what may be 
term~d "observational areas,"4 various parts of North America 
4 Also see Appendix A for information as to location, size and general 
characteristics of the observational areas mentioned by name through-
out this bulletin. 
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lived in or visited have yielded data or at least given me some idea 
of conditions outside of the states of the upper Mississippi and 
Missouri River Valleys, as in northern Ontario, southern Mani-
toba and Saskatchewan, Beartooth and Big Horn Mountains of 
Montana and Wyoming" Louisiana marshes, and marshes and 
streams of eastern Maryland and Virginia. 
Prior to 1934 most of the information obtained was of the 
sort referable to "natural history," gathered at random or through 
excavation of burrows and other retreats, examination of stomach 
contents and food debris, tallies of trappers' catches, following 
trails in snow, etc. With the beginning of intensive studies in 
Iowa, few other than strictly quantitative data were sought, and 
it became standard procedure to work on both minks and muskrats 
in the same localities, year after year, not only to measure the 
predation losses suffered by the muskrats but also to analyze 
those losses with reference to possible influential factors. At this 
point may be acknowledged the stimulus to critical thinking on 
topics relating to predation given me by a longstanding correspon-
dence with W. L. McAtee, of the U. S. Fish and Wildlife Service. 
Technical obstacles restricted the scope of controlled experi-
ments to special problems. Methods of marking individual minks 
and muskrats have been tested (43, and unpublished). Develop-
ment and responses of muskrats at different ages and under 
different conditions have received some experimental attention. 
Local muskrat populations have been deliberately reduced or 
annihilated to facilitate studies of density reactions and of ingress. 
Fortuitous events, however, often supplied the equivalents of 
excellent experiments; on regular observational areas, the effects 
of human exploitation, farming practices, storms, floods, drouths, 
overpopulations and miscellaneous changes and crises have at 
times been subject to investigation as satisfactorily as if they had 
resulted from purposeful manipUlation. 
Muskrat population figures from Iowa and South Dakota vary 
in precision from estimates based upon long experience in the 
"reading of sign" to data obtained through annihilative trapping 
under conditions permitting no conceivably undetected immigra-
tion. Procedures found best adapted to the Iowa work may be 
outlined in sequence: 
(a) Calculation of the number of breeding females through 
mapping locations of young litters (27) or of the late spring to 
mid-summer centers of activity that are indicative of breeding 
territories.5 Of these two methods, the former has been usable 
only in the most intensive types of research and on marshes where 
practically all of the muskrats lived in lodges or exposed nests. 
5 Techniques worked out in late years for determining muskrat 
breeding densities from activity centers have not as yet been described 
In print. 'Vhen used with caution and In combination with data from 
other sources, they have frequently given figures with a demonstrable 
error of less than :j percent. 
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(b) Intensive field studies to ascertain mortality of adults (or 
any mortality of unusual nature), evidences of movements in 
and out of the area, and the consequences of emergencies as 
those accompanying drouth, flood or destruction of habitat. 
(c) Examination of carcasses of muskrats trapped in late fall 
and winter to obtain sex and age ratios (36) and data on numbers 
and approximate age of placental scars in the uteri of mature 
females.6 
(d) Use of the fall and winter ratios of young of the year to 
mature females - which mature females are 15 to 20 months 
old, or older, by the time that they are trapped for fur - and 
the information from placental scars to fill out hiatuses in post-
breeding information and to compare with field data on breeding 
and juvenile mortality . 
. (e) Testing, whenever possible or feasible, data arrived at 
through sampling methods by examination of carcasses of essen-
tially entire popUlation groups. During the spring and summer 
of 1940, for example, the field evidence indicated that the 
equivalent of three pairs of muskrats lived and bred in a dry but 
food-rich part of Cheever :Lake (the northeast marsh of table 5), 
and, after the breeding season, the Conservation Commission 
was asked to procure as many specimens as could be caught from 
the habitat. The state trapper managed to catch what seemed to 
be all of the locally resident muskrats, for which the tally was 3 
adult males, 3 adult females, and 9 young of the year. 
Up to the present (spring, 1942), it has not been practicable 
to study muskrats by means of live-trapp"ing techniques such as 
those that have proved so useful in investigations of many land-
dwelling mammals (9, 10, 19, 53), but the marking of nearly 700 
young muskrats - largely with serially' numbered aluminum 
tags - brought out many facts about behavior, rates of growth 
and maturity, and identity of victims of mortality (34, 36, 37, 43, 
and unpublished). . 
Data on feeding of Iowa minks were obtained with relative 
ease· at all seasons of the year from Mud, Round, Cheever, Little 
Wall and Wall Lakes and at certain seasons from Squaw Creek, 
Brenton's Slough, Virgin Lake, Dewey's Pasture, and a few small 
stream and ditch habitats. Except at low water s~ages, stream 
units having channels wider than 10 or 15 yards, as the Skunk 
and Des Moines Rivers in central Iowa, were poor places to 
6 Most of the northwest Iowa specimens were taken by the Iowa 
State Conservation Commission from State Refuges on Which spring 
and summer studies had previously been conducted: 796 from Round 
Lake, 1936-40, and 116 from Cheever Lake, 1939-41. One lot of 81 was 
obtained by a Conservation Officer from private trappers on Four Mlle 
Lake, December, 1941. 'I'he central Iowa specimens were carcasses 
saved by cooperating private trappers, 1937-41, and have comprised 
some good annual series from restricted areas - 240 specimens In one 
instance, 105 In another, and between 45 and 85 in six others. 
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study minks. Indirect evidence from even the large-stream 
habitats, on the other hand, often had analytical value. This was 
especially the case where the evidence pertained to rates of 
recovery and mortality of muskrat popUlations and ability or 
failure of the animals to increase or to maintain themselves under 
given conditions in areas frequented by many, few, or no minks. 
Local absence of minks occasionally furnished a fair equivalent 
of an experimental check. 
No single technique of study reflects with unquestionable 
accuracy food habits of, and killing by, minks. Stomach exam-
inations theoretically come nearest to giving a balanced picture, 
but the number of mink stomachs obtainable in a locality at any 
one time is so small as to be of limited statistical use;7 it is also 
true that minks do not always eat of animals that they kill. Large 
victims, or any of which quantities of uneaten waste (bones, fur, 
feathers, exoskeletons, intestines) are discarded, tend to be record-
ed out of proportion to their actual importance in mink diets. I 
have been more fortunate in witnessing. hunting and feeding 
behavior of minks than of most other free-living native predators, 
but opportunities for direct observation of this species have come 
very irregularly. 
Fecal analyses have their own deficiencies for food habits work 
with mammalian predators (18, 23, 86) but - inasmuch as scats 
may often be gathered by the hundreds from observational areas 
- are of great utility as indicators of feeding trends during 
periods when mass data are required for correlative purposes. 
Regardless of the completeness with which tadpoles, soft parts 
of bivalves, etc., are digested and the difficulties inherent in the 
interpretation of food traces, the incidence of representation of 
remains of an animal like the muskrat may be an important index 
of predation or of food utilization if used in conjunction with 
field observations. 
Some circumstances may necessitate extreme care to avoid 
confusing feces of minks and such animals as spotted skunks 
(SpilogaJe illterrupta) (13, pp. 351-352). Several interesting 
fecal lots had to be discarded because doubts as to their origin 
could not be settled. Common feeding by minks and muskrats 
upon muskrat carcasses, fishes, frogs, mollusks, and crustaceans 
(38, pp. 78-80) may introduce more difficulties. Figure 1 shows 
the difference in ·appearance between typical mink and muskrat 
scats when both species have been eating muskrats, but the less 
typical may look so much alike (especially if water-soaked) that 
identity of individual passages may not be recognized in the 
7 Unless minks caught In steel traps die promptly, as from drowning, 
their alimentary tracts are likely to be filled with mud, particles of 
vegetation, remains of their own trapped feet, and miscellaneous debri!! 
bitten and swallowed In the course of their struggles. 
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absence of tracks. With few exceptions, nevertheless, mink feces, 
fragments of food, and general "sign" to be found on landings, 
in trails, and about dens, holes, and characteristic retreats, may be 
Fig. 1. Lower object Is a typIcal fecal 
passage of a mink on a muskrat diet; the 
one at the upper right Is a muskrat passage 
made up of muskrat remains; at the upper 
left is shown a muskrat dropping that con-
sists of the usual vegetable debris. 
distinguished fro m 
evidence left by other 
animals of the north-
central region. The 
tendency of minks to 
deposit feces in lat-
rines near well-used 
retreats has 0 f ten 
simplified collecting. 
Cor rei a t ion of 
mink - muskrat data 
and dissociation and 
appraisal of the sig-
nificant variables of 
course constitute a 
major problem and 
one concerning which 
we are unlikely to get 
complete answers. But 
a measure of under-
standing of some of 
the ecological inter-
actions that 0 c cur 
naturally should not 
be too much to expect, 
however tenuous our 
control- in the sense 
of experimental man-
ipulation - may be. 
GENERAL CONSIDERATIONS 
The weasel genus Mustela comprises an able and willing group 
of killers. To the testimony of poultry raisers as to occasional 
but well-advertised slaughter of chickens in coops may be added 
outdoormen's accounts of killings of wild animals. Epithets 
"blood-thirsty" and "wanton" are freely applied and with probably 
as much logic as to the responses of any predator, man included, to 
availability of prey. Regardless of what may be the nature of 
the excitement of killing and the degree to which killing in excess 
of immediate needs may be due to "blood lust" or to "storage 
instincts," we should remain on sound philosophical grounds by 
recognizing that virtually all except the more lethargic of 
predatory higher vertebrates will kill much as permitted by their 
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opportunities unless fatigued, sated, or somehow diverted from 
further killing. 
An outstanding popular misconception of predation may usually 
be ascribed to overemphasis of the role of choice in governing 
what a predator kills and to underemphasis of the role of avail-
ability. Availability to predators is not invariably a matter of 
abundance of prospective prey (45), and it should not be taken for 
granted that even a predator as enterprising and efficient as 
the mink can always kill even its staple prey animals when, where, 
and in what numbers it may supposedly wish. For. minks, 
adapted though they may be to a predatory life, are still only 
animals, themselves subject to the limitations of living things. 
The next five subsections are intended as groundwork for the 
main sections on seasonal, special and intercompensatory aspects 
of mink predation upon muskrats. 
OVERLAPPING OF HABITATS OF MINKS AND MUSKRATS 
Seton's maps (88, p. 522; 89, p. 560) show the North American 
ranges of minks and muskrats to embrace the greater part of the 
continent, and he states that the mink abounds wherever the 
muskrat does (89, p. 593). The faunal lists by various authors in 
the Naturalist's Guide to the Americas bear this out in a broad 
way (91). 
Within the region covered by my studies, I have known 
localities to have one species and to be virtually devoid of the 
other. Mink "sign" may be quite general about mountain streams 
and glacial pools where muskrats do not seem to occur at all, but 
I am not sure that wild-living minks really thrive any place in the 
north-central states where muskrats do not also thrive.s 
For all of their sharing of geographic range, however, minks 
and muskrats mayor may not be closely associated in their 
habitats. North-central stream habitats· of both overlap more 
than do lake habitats, where muskrats may regularly visit deep 
water that is outside of the usual travel routes of minks when 
unfrozen. The borders of marshes may be nearly common habitat 
for minks and bank-dwelling muskrats, though the muskrats 
may not often come on shore and may also have home ranges 
"extending from bank burrows out into deeper water for several 
hundred feet" (34, p. 170); the central parts of marshes - if 
well grown to vegetation - may be heavily populated by muskrats 
yet practically minkless for long periods. Lodges within 50 to 
100 yards of the marsh shore are easily accessible to minks, but 
the latter seldom appear to go out much farther unless the marsh 
dries or freezes over. The background of fig. 2 depicts the 
sort of muskrat habitat of a northwest Iowa marsh that typically 
is fairly mink-free from spring to fall even when mink population 
densities may be very high over the surrounding land and shallows. 
8 No implications are intended as to possible situations elsewhere 
outside of my radius of familiarity. such as the muskrat-vacant area 
of southeastern United States. 
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Fig. 2. View of Mud Lake, near Ruthven, Iowa, Illustrating the type 
of muskrat habitat often to be found In the deeper parts of north-
central prairie marshes. Photo by Dr. F. N. Hamerstrom, Jr. 
That the mink actually does "follow" the muskrat ecologically 
seems true. Muskrats are of irregular occurrence, though some-
times abundant, in the creek-bed potholes and dam-ponds of the 
Haakon County observational area in western South Dakota 
(Appendix A). The 1924-25 early winter population of about 
28 per mile along six miles of a creek (34, p. 184) was said to 
have been much the highest observed by settlers in nearly 15 
years (or since the drouth of 1911); and, in that winter, Mr. 
Steve Beaton caught the only mink of which he had known in that 
part of the country in many years of hunting and trapping. 
There is a rather widespread opinion that the mink's association 
with .the muskrat is primarily that of a predator in quest of its 
favorite prey, but this is pretty well refuted by field data showing 
that, under conditions prevailing in Iowa during the past decade, 
minks depended upon muskrats only as a minor item of food, and 
in some localities hardly preyed upon them at all. While it is not 
surprising now and then to find mink populations subsisting 
almost entirely upon muskrats for weeks or months, heavy utiliza-
tion falls into categories later to be discussed and is chiefly 
dependent upon chance availability of large numbers of the 
animals. 
It would seem that muskrats attract minks by their burrowing 
and building activities far more than by their mere presence as 
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prospective (and very often unavailable) food. Winter use of 
muskrat retreats by minks is commonly mentioned in the litera-
ture. Marshall (67) found 16 dens suitable for minks in an 
area he had under intensive study in Michigan in the winter of 
1934-35, and all of these "appeared to have been old muskrat 
dens." In my trapping, the places where I could with most 
confidence expect minks to return were mink-opened muskrat 
burrows, through which the minks could regularly gain access 
to water under the ice. Muskrat lodges were often taken over 
by minks in winter but tended to be less regularly used than 
ground dens; if abandoned by the muskrats and left with mink 
"borings" in side or top unplugged, such lodges lost advantage 
for the minks through freezing of plunge holes, or, at any rate, 
retained no more advantage in cold climates than that afforded 
by hollow logs, root tangles of trees, or other retreats having no 
passageways leading under the ice. 
lt is important in the winter ecology of north-central minks 
that, regardless of the freezing of the surface water, they have 
continued access to the aquatic invertebrates and lower vertebrates 
upon which they mainly subsist. On the Canadian Border of 
Minnesota, where muskrats were present only locally, 1920-21, 
minks were observed to be using frosted openings in the tops 
of beaver (Castor canadensis) lodges to reach water in the early 
part of the winter before much snow had accumulated, and J. 
Dewey Soper, who has studied beavers in northern Alberta (95), 
recently told me that Indians trap many minks in the sides of 
beaver lodges. From mid-winter to spring, after the weather 
became intensely cold, the Border minks seldom came outside, 
living in deep snow along the edges of streams and entering the 
water through "air-holes" in the ice kept open by stream currents 
or by the insulation of the deep snow; where muskrats lived, the 
minks used snow-covered plunge holes of these animals the same 
as in South Dakota and Iowa. Lake shore or stream-edge springs 
and the sheltered recesses of ice-heaves also allow more or less 
continuous passage of minks from land to water, and the minks 
are diligent in burrowing through drifts in search of wet passage-
ways (fig. 3), but the muskrats certainly increase the accessibility 
to minks of habitats under the ice. 
The dens seen in which young minks were being reared were 
almost entirely of muskrat origin, although, in the Tetonkeha 
Lakes area of eastern South Dakota, there were' mink breeding 
dens in a ground squirrel (Citcllus franklini) hole in a pasture 
about 200 yards from a marsh, in a badger (Taxidea taxus) 
digging on a hillside about 65 yards from a lake, and in numerous 
river bank cavities that did not necessarily have any relation to 
muskrat burrows. Bailey (7, p. 324) wrote of minks of the 
Costilla River in the Sangre de Cristo Mountains of New 
Mexico: "At 9400 feet their tracks were seen in the mud around 
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Fig. 3. Mink trail along the edge of an Iowa oxbow pool showing 
typical burrowing In quest of openings leading under the Ice. 
an old beaver house, and a family were evidently living in the 
beaver house, where they had well-worn entrances and trails." 
All of 32 families of young minks mentioned specifically in the 
Iowa notes were kept in muskrat burrows or lodges, including 
one litter that lived part of the time in an old fox (Vulpes regalis) 
den. Muskrat lodges were far less frequently used in proportion 
to their numbers than were bank burrows; of possibly 3,000 
muskrat lodges examined (often repeatedly) on Iowa marshes, 
spring and summer, 1934-41, only four harbored litters of young 
minks, and these four lodges were utilized after prolonged drouths 
had driven the muskrats from the banks, with consequent dis-
solution of the bank burrows (34, 37). No mink breeding dens 
were recorded in or near any marsh that had been muskrat-vacant 
for more than a year previously, which no doubt may be due in 
part to my failure to find dens that may have been there as well 
as to the evident scarcity of dens. In 1940, a single female or 
pair of muskrats built a lodge in nearly dry Little Wall Lake, 
gave birth to a single litter, then moved out; this lodge was later 
taken over by a female mink for the family of young that she had 
been keeping in the aforementioned old fox den. 
It seems, then, that mink litters may be quartered in muskrat 
lodges out in a marsh somewhat as a last resort, especially during 
drouths or when habitable land dens may be scarce within the 
shore zone usually frequented by minks. The food relics of all 
four lodge-dwelling families revealed a considerable amount of 
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prey typically obtainable in pastures and on dry land, so the 
mothers were still hunting along the shore in addition to the 
vicinity of their deep-marsh dens. 
The most nearly permanent mink dens studied were those that 
were occupied by muskrats sufficiently to keep them in some 
sort of repair. The mink does not appear to be a very proficient 
digger in substances of much firmer consistency than hard snow. 
Its enlargement of underground tunnels and chambers and even 
its mid-winter penetration of muskrat lodges and its opening of 
short passageways at the edge of the ice or in frozen ground are 
not, in my estimation, feats comparable to the excavation in 
solid ground ·of dens adequate for the protection of the young. 
Without the plugging of open holes and other renovating activities 
by muskrats, many sets of muskrat burrows apparently do not 
long retain attractiveness for minks, notably on pastured lands 
where livestock step through or push down the ground over the 
burrows. As a typical example, one set of bank burrows at 
Round Lake was abandoned by muskrats in 1934 after having 
been consistently used by both minks and muskrats during the 
previous two years; the burrows were in turn abandoned by the 
minks as breeding dens after the summer of 1935, and, by the 
summer of 1937, were badly caved and showed no use either by 
minks or muskrats, both of which were still living in the vicinity. 
Commonly, muskrats leave particular sets of burrows during 
the time of regular occupancy by minks, although a burrow system 
that is complex and has been established for years may remain 
in simultaneous use not only by minks and muskrats but also by 
other species (26), each species being aware of the presence of 
the others and adjusting its living routine accordingly. (That 
minks as well as muskrats may have to behave with some circum-
spection when living in such interspecific intimacy will later be 
shown.) The den history of the small island of fig. 4, personally 
observed from 1918 to 1941, is probably typical; during wet years, 
minks, garter snakes (Tlramllophis spp.) , mice (Cricetidae), 
Franklin's ground squirrels, striped skunks (Mephitis 1It. hud-
sOllica), and cottontails (Sylvilagus floridanlts) all were known to 
use parts of the same anastomosing system of burrows, the lower 
levels of which were almost entirely the product of muskrat dig-
gings; after prolonged exposure by drouth, the muskrat burrows 
settled, and the island's population of hole-dwelling vertebrates 
became greatly reduced. 
The best detailed data on behavior of wild-living breeding 
popUlations of minks come from Round Lake, which is a state-
owned wildlife refuge on which minks may live relatively as 
unmolested by man as anywhere in agricultural communities. 
Figures as to numbers of female minks with young were based 
on observations on a series of dens along or near certain stretches 
of shoreline and about which were to be seen at appropriate times 
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Fig. 4. This small , almost virgin, wooded Island In one of the 
Tetonkeha Lakes, east-central South Dakota, had den systems of many 
species of animals based to a large extent upon the burrowing activIties 
of muskrats. 
of the season either minks, by size apparently females, or young, 
or good indications of their presence. Tooth marks on prey 
carcasses and deposits of feces in the den latrines were helpful 
in demonstrating the presence of partly grown animals, though 
neither appearance of fecal passages nor size of animals may be 
considered infallible criterions of sex or age when the male young 
of a litter begin to approach their mother in size.1! 
North-central mink litters, like those of many other carnivores, 
are generally moved several times before the family (mother and 
young) breaks up in mid- or late summer. A den may be used 
for a few days or for several weeks, usually for shorter periods 
late in the season. Some minks appear so sensitive to human 
visits that they leave on little provocation; others tolerate such 
continued activities of investigators as gathering of scats, handling 
of partly eaten food items, and looking and reaching into den 
openings. In most cases the minks seemed to move from one set 
of den holes to the next when they were ready and seldom took 
up new quarters more than 100 yards away when prospective 
den sites were abundant. 
In 1933, prior to the beginning of intensive muskrat studies, 
two mink families were judged to have been raised on the 450-
acre Round Lake refuge, and a third female was found killed 
9 Some fully adult males may be no larger than exceptionally large 
females , but. as a rule, mature north-central males are materially 
larger than females (24. 67). 
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by another mink; in 1934, there were three females with young in 
dens; in 1935, five; in 1936, three; in 1937, three; in 1938, one. 
In 1939 no young were raised on the marsh nor were there any 
minks in regular residence during the summer. 
The breeding population for 1935 was the heaviest that I have 
noted anywhere and it was confined to the shore zone of roughly 
one-half of the marsh; since 1938 the population has been distinct-
ly subnormal, possibly in consequence of overtrapping on sur-
rounding lands. Three families of young per summer may be 
close to the optimum for the marsh, and, when as many families 
as this were present, their distribution followed patterns that 
were in broad aspects predictable from one year to the next. 
The den territories were kept rather uniformly separated, with 
spacing naturally being closer during 1935 than during the three-
family years. Intraspecific intolerance unquestionably had a 
major influence on distribution and limitation of mink densities 
around the marsh, but the possible bearing of interspecific intoler-
ance also merits consideration. The half of the shore zone that 
was not frequented by females with young had about as many 
muskrat burrows as the other half; the two halves did not differ 
to any pronounced extent in vegetation or topography. The nearly 
minkless half, however, had a graveled road running along much 
of its length, and the presence of dogs is suspected of having been 
a greater source of disturbance than female minks with young 
would tolerate. Minks at Little Wall Lake in 1937, and at Wall 
Lake in 1940, tended to avoid marshy areas that were currently 
the main hunting grounds of fox families, and I have known of 
many more minks killed by dogs than by foxes. In 1937 striped 
skunks were conspicuous occupants of holes along the shore of 
Round Lake and, furthermore, had taken over one of the sets of 
dens most favored by minks in preceding years; 1937 was 
evidently a three-family year for minks, however, so the popu-
lation significance of any modifications in mink behavior con-
ceivably induced by the skunks is obscure. 
How strictly the distribution and popUlation status of minks 
may depend upon available den sites may stilI be regarded as 
something we do not know. A drastic pre-drouth decline of the 
mink population of the Tetonkeha Lakes area of South Dakota 
was seemingly due to overexploitation by man, but the possibility 
cannot be dismissed entirely that the wholesale digging of mink 
dens by hunters may have contributed (31). Minks are subject 
to the substantial predation suffered in this region by Mustela 
spp. from various enemies (25,42,45,46, and unpublished), but, 
since one may find nearly as many minks killed by other minks as 
by the rest of their ~on-~uman e?~mies. combined, a raising of 
the thre~holds at which. mtraspe<;tflc stnfe .becomes extensively 
lethal might follow an mcrease m prospecttve den sites. And 
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the muskrat, being such a busy maker of prospective den sites 
for minks, may very possibly in this way determine in good 
me<;tsure the numbers of its enemy.lO 
KILLING AND EATING OF MUSKRATS BY MINKS 
The general food habits of north-central minks will be reported 
upon by Kenneth Krumm, hence the present account will be 
restricted and abbreviated as much as the scope of this paper 
permits. Staple foods are chiefly crayfishes (Ca11lbarus spp.), 
frogs, minnow-sized to fairly large fishes as bullheads (A11leiurtts 
spp.) and yellow perch (P erca flavescens) , and mice of the 
genera Microtus and Permnyscus, but a broad array of other 
animal foods may be eaten, including mollusks ( especially 
U nionidae), insects of aquatic species and such conspicuous land 
forms as grasshoppers (Orthoptera), garter snakes, most birds of 
1U During late years a number of paleontologists were asked what 
they knew of the geological history of minks and muskrats. As expect-
ed, the imperfections of the fossil record permit few positive statements 
even for the Pleistocene. 
HaJJ (50, )lP. 114-115) found no difference "In size, or In any other 
feature" to distinguish Mustela visull mink living today from mink 
remains of the Cumberland Cave deposit, which he wrote (letter, March 
21, 1938) "is an early one as regards Pleistocene deposits." In the same 
letter, he continued, "1 thinl{ that if a complete fossil record were 
available of our smaller mustellds, the mink would be found to be 
represented in our earliest Pleistocene deposits and in Pliocene depOSits (in the latter somewhat altered from its present morphological form), 
but this is of course mere opinion, and the fact remains that the earliest 
record of mink in North America is from the Cumberland Cave deposit." 
Muskrats are reported from the Pliocene, and Dr. George Gaylord 
Simpson informs me (letter, September 10, 1941) that, as far as known, 
the animal "evolved in North America as an aquatic adaptation of the 
primitive vole group, which possibly immigrated from Eurasia in the 
later Tertiary." 
The mink shows less morphological adaptation than the muskrat 
for an aquatic life and is much better able to take care of itself away 
from water. Nevertheless, the mink may with some correctness be 
designated as a water weasel and presumably has been one for a 
long time. 
As to the origin of the mlnk-musl,rat association, Simpson, In his 
above letter, advances the following intriguing possibility: "Beaver-
like animals have been relatively abundant in North America since the 
early Miocene, long before any known musl<rat. Some of the common 
Miocene members of this group lived In complicated burrows, which are 
actually found as 'fossils' In considerable numbers. These would, I 
should think, have provided excellent dens for mink-like mustelids and 
it is at least a permissible speculation that this mustelid-rodent re-
lationship arose with respect to these easteroid rodents and was later 
transferred to the muskrats." As indicated previously in this bulletin, 
as well as by other observations, minks in "beaver country" may find 
many beaver habitations quite suited to their needs. 
Naturally, In the appraisal of such relationships, one is confronted 
by the problem of judging how much the mustelids may associate with 
digging species because of necessity or merely because of opportunistic 
responsiveness. The utilization of woodchuck (Marmota 1/1011(/(») burrows 
by skunks and of ground squirrel burrows by land weasels may be 
readily observed in Iowa, but either skunks or weasels obviously may 
get along without the holes of woodchucks or ground squirrels where 
equivalent retreats are to be had. The black-footed ferret (Mu8tela 
niyripcs) , which is considered a vanishing species rarely occurring away 
from prairie dog (Oynomys sPp.) colonies, would seem to furnish an 
extreme case. Perhaps the mink can be assigned to a category inter-
mediate between that of skunks and weasels on one hand and the ferret 
on the other; its association with the muskrat may even be tending to 
be obligatory though material latitude still exists. 
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low ground and marshes, ground squirrels (eitel/us spp.), and 
rabbits (Leporidae), as well as muskrats.ll 
Many writers have referred to favorite foods of the mink, but 
whether a strong predilection for specific prey actually governs 
hunting and feeding behavior of this predator is not demon-
strated by any evidence of which I know. Among other carnivores, 
the red fox seems to show a preference for meadow mice 
(Microt~ts spp.) (23), and a distaste for weasels (23,25,87) and 
insectivores (76) that is illustrated by the frequency with which 
such animals are killed and left uneaten. Minks may discard 
carcasses of moles and shrews, but they also may eat them, and 
the finding of remains of a part-grown mink in eight of one Iowa 
lot of 92 mink droppingsl2 does not suggest that the species is 
overly particular as to what it eats. A similar lack of discrimina-
tion is reported by Polderboer, Kuhn, and Hendrickson for 
Mustela frenata in central Iowa; in spring and winter scats and 
nests, remains were found not only of short-tailed shrews 
(Blarina brevicauda) but also of a least weasel (Mustela ri.'rosa) 
(84). It does not follow, however, that individual "taste" as 
well as hunting routines may not influence response to reilltive 
availability of prey. 
The search for prey by minks shows less of the bounding back 
and forth that is so often apparent from the snow trails of land 
weasels and seems to reflect more specialized tactics. A South 
Dakota field note of December 19, 1927, describes the burrowing 
of a female mink through 5 inches of fluffy snow along the 
whole of a quarter-mile stretch of lake shore; and this animal 
was later trapped in a snowdrift over a spring in which it had 
lived for days without coming out in the open.l3 In winter, the 
radius of underwater activity appears to be quite short and, when 
suitable bases for diving operations occur only at a few definite 
points, the species naturally tends to center its underwater hunting 
there. It is true that minks may work through local tracts of 
dense lowland vegetation much after the manner of land weasels, 
but their trails appear more often to be purposefully straight, to 
11 Free-living minks were not known deliberately to eat vegetation, 
though the stomach and Intestinal contents may be ingested along with 
fleshy parts of plant-eating prey, and plant debris may occur In the 
alimentary tracts of minks caught In steel traps. 
12 All of the remains of young mink in this lot Were probably from 
the same Individual, hindquarters of which were found in the den 
among uneaten debris of usual prey types. It is suspected that this 
leedlng simply represented ut\llzation of a dead member of a litter 
rather than cannibalistic predation. 
13 Exceedingly low densities of minks (31) made possible better 
Identification of certain Individuals than otherwise would have been 
the case. 
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lead to particular places on a circuit - muskrat lodge to ice heave, 
to old den site, to culvert, to water hole, etc. - with side trips into 
fields or to such objects as crow-picked duck carcasses out on the 
ice. Obviously, the type of food a mink is subsisting upon at the 
time will govern to some extent where the animal goes, and the 
hunting routine of a mink that can get all it wants to eat from a 
fish-jammed spring under a snow drift will not have to be the 
same as that of a mousing individual in a weed patch. 
Seton (88, p. 524) quotes a trapper, H. Preston, as remarking 
that "A mink is liable to go anywhere, and just as liable not to," 
which is true enough to discourage hard and fast generalizations. 
A South Dakota individual, recognized by a peculiar manner of 
running,14 lived almost exclusively in the brush bordering a small 
river, to the waters of which it had as easy access as had any of 
the other local minks; and authoritative accounts tell of minks 
journeying cross-country, living in farm yards, in city dumps 
and in similarly strange places. Nevertheless, the species is 
primarily a hunter of the shore zones of streams and bodies of 
water and its prey is primarily of shore zone animals. Within 
the immediate environs of centers of mink activity, the hunting 
grounds may be pretty well covered, whether by random or 
systematic search, but field observations make it clear that often 
only a small proportion of the potential hunting grounds of 
individual minks is heavily hunted, and much of that lies along 
established travel routes. 
Minks are mainly nocturnal hunters, though, when plentiful, 
they are frequently seen in daylight. They are possessed of the 
stamina and tough physique of the weasels, which are notably 
specialized for predacious Ii fe. Their sense of smell is excellent 
and is a major asset in their hunting, except presumably that done 
under water. They can show either the boldness of the land 
weasels or !t discretion in looking out for themselves that might 
astonish a person who has never tried to catch a trap-wise "old 
timer." , 
The actions of minks watched hunting revealed little of stealth 
except that gained incidental to approach through water or soft 
snow. In dry vegetation their bounds may make noise enough to 
draw the attention of an observer a considerable distance away. 
The actual catching of prey varies much with the species caught, 
and many times the action of the teeth is supported by the 
grappling hold employed by weasel attackers upon some kinds of 
prey (4; 51, p. 332). Svihla, (100) gives a description of the 
grappling of live cotton rats (Sigmodon hispidtts) put in the cage 
14 It is sometimes also possible to Identify tracks of locally resident 
individuals by distinctive sizes or by prints of feet having lost parts 
in tWisting or gnawing out of steel traps. Such wild minks as may be 
handled and released may be toe-clipped. using some code as that 
advocated by Ashbrook (6). 
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of a captive mink, which "always attempted to seize the cotton 
rat by the nape of the neck. Then rolling on its side it would 
grasp the rat with its forefeet, at the same time scratching with 
its hind feet." The spread and strength of a mink's jaws are 
sufficient to kill full-grown domestic geese, but, among mammals, 
an adult muskrat seems to be about as formidable prey as even the 
larger minks can handle.l~ 
Feeding behavior by minks reveals the usual weasel unpredict-
ability. They may eat or they may leave uneaten the victims of 
their hunting; they may eat them at once upon killing or they 
may eat part of a carcass and then finish it as after an absence; 
they may drag into holes such objects as carcasses of ducks 
crippled or dying from shot wounds, to eat of them or not. 
"Storage'" habits do not differ essentially, so far as I can see, 
from those of other weasels that pull bodies of victims in or near 
their retreats. Despite a wariness that minks often exhibit, 
toward trap baits, the animals may not be averse to safe scaveng-
ing; rottenness may be cause for rejection, but food that is merely 
stale or mouldy may be eaten. 
Of hundreds of muskrat carcasses found that were known to 
have been of animals - helpless young to adults - killed or 
partially eaten by minks, about 90 are described in more or less 
detail in my Iowa notes. In addition, field "sign" has occasionally 
demonstrated very clearly both the manner of killing by the minks 
and successful defense or escape by the muskrats. Unfortunately, 
while I have witnessed behavior of minks and muskrats in the 
presence of each other, I never have seen the body-to-body stages 
of combat between the two. 
Uneaten victims were commonly found bitten through the 
back of the neck; in many specimens, injuries to the nervous 
system appeared to be the direct cause of death, although wounds 
involving important blood vessels and muscles were seen often. 
The teeth of the attacking minks do not necessarily penetrate the 
skin of the victim in all places bitten even when damage to under-
lying tissues may be extensive. The meager accounts of the act 
of killing in the literature and the scuffling marks to be seen in 
the snow in the vicinity of a "kill" indicate that the victim is 
typically grappled when overtaken on land. The brain box or 
scapular region of suckling or recently weaned muskrats may 
also be crushed by mink bites, and there is evidence that the 
active sizes of young victims are cornered in pockets of lodges 
or diggings as well as overtaken by pursuit ashore. . 
A grown muskrat confronted with the necessity of standing off 
an attacking mink apparently finds advantage in backing into 
a small tunnel of its burrow or otherwise wedging itself into an 
15 Successful self-defense by minks as against dogs shOUld not 
obscure the minks' limitations as predators. 
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opening in a way to present little of its body except teeth to its 
enemy. The incisor teeth of the muskrat are efficient weapons/6 
and I believe that mature muskrats under conditions favorable 
for defense are too formidable as fighters for most minks to 
cope with. A note of December 6, 1936, records how a fair-
sized mink entered and left a short, dry, "blind-alley" hole 
without attacking a muskrat occupant that could not possibly 
have moved out of the main chamber of the hole or drawn back 
more than a few feet from the entrance; the muskrat, collected 
for examination shortly after the incident, was an adult female 
in excellent health. 
The majority of mink-killed adults either seemed to have been 
victims of large, probably old, minks or, at the time of death, had 
been living at great handicap - as in strange environment or on 
dry land. The chances for life of a muskrat that a large mink 
succeeds in grappling would seem rather slight, but it is conceivable 
that the mink's own comfort and welfare, as well as a prospective 
victim's facilities for escape, have an important bearing upon the 
chances of a successful grapple being consummated. Allen's (4) 
report of two of four male New York weasels (Mustela frellata 
novcboracc.nsis) dying of injuries inflicted by cottontail rabbits 
with which they were experimentally confined is a further 
illustration of the fact that a predator's attacks upon upper size 
limits of prey may be neither easy nor safe except under favoring 
conditions. 
A mink's killing of small young muskrats naturally becomes 
more a matter of finding than of fighting prowess. There is a 
possibility that preying upon these young may have hazards of 
its own if large muskrats are about; it is not here implied that 
muskrats are necessarily very zealous' in protecting their young 
(although they may be ( 14) ), but considerable evidence has 
been accumulating that "ganging-up" tactics may be employed 
to drive away minks in a way similar to those occasionally 
observed when resident muskrats attack in some unison strange 
individuals of their own kind. 
Very young muskrats may be entirely consumed by a mink after 
killing, much as a cat eats a mouse. In eating large young, 
subadult, and adult muskrats which it has killed, a mink usually 
makes an opening at the back or side of the neck or in the thoracic 
or lumbar region. Then, as it eats away flesh, ribs, and pieces of 
adjacent hide, it skins the animal by pulling head and hindquarters 
outward through the main hole (fig. 5). If the mink is scaveng-
ing, accessibility of different parts of the carcass influences 
feeding procedure, especially when the carcass may be imbedded 
in ice or frozen mud. 
16 From wounds Inflicted by minks and muskrats on a common 
medium - the human hand - It may be judged that, bite for bite, a 
muskrat can cut anll tear about as much flesh as a mink. 
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A mink tends to desert a carcass when odors of decay become 
pronounced - about the second day after killing in the warm 
weather of late spring in Iowa. At this season and in summer, 
parts generally left uneaten are the food tube and contents, skull 
or thicker bones thereof, the heavier bones of the pelvic girdle, 
the sacral and lumbar sections of the vertebral column, all or 
most of the feet and tail, and the torn and inverted remnants of 
hide. No consistent effort seems to be made to avoid eating skin 
and fur, and it is not exceptional to find less than half of the 
original skin area of a carcass of a grown muskrat remaining after 
a mink has finished. In winter practically every part of a carcass 
that a mink can reduce to swallowable size may on occasion be 
eaten, as well as mud-matted fur and particles of earth and 
vegetation stuck to the frozen flesh. 
The rate of consuming muskrats is' highly variable even when 
the minks are living upon little besides this item and when the 
muskrats are of fairly uniform adult and subadult sizes, i. e., 
weighing around 1,000 grams (2.2 Ibs.). 
At one extreme, we have field data from Round Lake indicating 
that a large mink ate adult-sized muskrats in late April, 1936, at 
the rate of about two in 24 hours. This mink was gorging to 
the extent that its fresh excrement consisted of pale red, raw 
Fig. 5. Carcass of an adult muskrat klIled and partly eaten by a 
large mink. Skinning out through the thoracic rather than the lumbar 
region appears to be the more usual method. 
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meat. More commonly, according to "the few notes that may be 
considered eligible for calculations, minks on a straight diet of 
muskrats in spring consumed two or .three per week. 
The other extreme is suggested by a very careful study made 
on dried-up Little Wall Lake during the winter of 1936-37. A 
consumption rate of less than one muskrat per nine days per 
mink on essentially a straight diet was arrived at, and there was 
no reason to suspect that the minks (a mixed population of males 
and females) were not maintaining themselves in normal health 
and flesh despite thorough scavenging reflected by the dirt and 
heavy bone contents of many fecal passages. In another instance, 
it was judged, from specimen material uncovered in a snowdrift 
tunnel that had been the primary headquarters of a medium-sized 
mink for between 3 and 4 weeks, that this individual's subsistence 
requirements had been met by about one subadult muskrat per 
week. l1 
From the evidence here presented, it may be seen that an 
appraisal of mink pressure upon muskrats based upon a food 
consumption formula has inherent drawbacks. Straight-diet rates 
of consumption showing all intergradations between two adult-
sized muskrats per day to one per nine days alone are enough 
to invalidate the assumptions underlying many hypothetical 
considerations - and even greater differences may very likely 
exist in the minimal nutritional requirements of minks and the 
amount of food they may eat when they have opportunities. And 
we stilI have to take account of the fact that carcasses of muskrats 
dying of wounds received in fighting among themselves, from 
hunger and exposure to cold, from diseases, and from attacks 
of predators other than minks, all may be prominent in mink 
diets, particularly during the colder months. 
But to appraise mink predation as a depressant of muskrat 
populations requires more than making allowances for muskrats 
that may be killed by minks yet not eaten, for carcasses that were 
not of mink prey yet eaten, and for adaptability of the minks that 
enable them to live either prodigally or sparingly without departure 
from normal physical condition. More is required than accurate 
enumeration of the toll of minks from muskrat populations of 
known densities. 
INTRASPECIFIC STRIFE IN MUSKRAT POPULATIONS 
Intraspecific strife in muskrat popUlations is usually dismissed 
in the literature with mention of spring fighting between males, 
and many of its manifestations at other times of the year have 
11 Minks trapped from marshes and lakes In Brookings County, South 
Dakota, were of larger average size than those from river habitats (24), 
a phenomenon Which, like the earlier "priming" of skins of marsh 
muskrats In the same county (38, p. 86), may perhaps be attributed to 
differences in food. On the other hand, I do not recall having seen a 
winter mink carcass that was In poor flesh among approximately 300 
examined In South Dakota, Wisconsin, and Iowa. 
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gone unnoticed or have been attributed to attacks of miscellaneous 
or undesignated predators. 
Intraspecific strife is, nevertheless, a factor of such outstanding 
significance in the popUlation phenomena of muskrats that it can 
hardly be overemphasized. Various phases have been discussed 
in a number of papers based upon the Iowa studies (34, 36, 37, 
38, 43), and further reference will be made to it in many places 
throughout this bulletin, yet a preliminary exposition of its main 
features should here be in order. 
Manifestations of friction among muskrats vary" from displays 
of ill temper between individuals to lethal combat on a large 
scale. Both sexes and all sizes and ages of muskrats may be 
involved, at all observed densities and at all seasons. Even 
during the comparatively frictionless weeks of late summer and 
early fall, after the young are weaned and before the onset of cold 
weather, few if any Iowa populations seem wholly free from 
fighting. Exceptionally well-situated popUlations have shown the 
least evidence of intraspecific strife (32; 38, p. 87) and con-
versely, muskrats suffering from emergencies, food shortage, 
overcrowding, and generally unfavorable living conditions were 
the ones to display the greatest animosity toward their fellows 
(29; 34, pp. 173-175; 36, pp. 473-474; 38, pp. 80-82). Much 
of the intolerance that can be called seasonal is associated with 
territoriality of a sort that does not, in my estimation, differ 
fundamentally from that to be found in many birds (20, 39, 59, 
77,78,79).18 . 
18 There is much difference of opinion as to what constitutes terri-
toriality. In one ornithological sense, territory Is said to Imply "iso-
lation, advertisement, fixation, and Intolerance. Where these four 
aspects are not present, the bird does not truly hold territory" (77). 
Blair (9, pp. 154-155) writes of MicrotU8 pennslllvanicu8: "It seems 
evident that there Is some factor that tends to make the female occupy 
ranges that are In part exclusive; nevertheless, most of them overlapped 
at least slightly. .. Possibly there is antagonism between the fe-
males, particularly during the breeding season, but the available 
evidence does not Indicate to me that they have definite territories 
that they defend against all trespassers •.. " 
As one whose professional studies have related as much to orni-
thology as to mammalogy, I confess that the distinctions often made 
between forms of intolerance - "truly territorial" or otherwise -
suggest little more to me than differences of degree and the short-
comings of our knowledge and language. When one considers that 
defended bird territories may vary in size from square feet to square 
miles and that Intolerance even in recognized territory-holding species 
may show a wide range of variation and outright exceptions to stated 
rules, it would seem that intolerance might be about the only common 
denominator in a great many of the reactions classed as territorial. 
Whether intolerance Is shown toward all or toward particular tres-
passers, whether trespassing evokes attack upon Invasion of a tract of 
land or merely upon approach to the vicinity of an Individual, the basis 
of response Is still intolerance and as such entitled to fully as much 
weight in analysis as its specialized manifestations. 
Noble (81, P. 267) contrasts sexual territories of vertebrates with 
"merely occupied areas in which the owners resent trespassers in or 
out of the breeding season ..• This aversion to newcomers Is wide-
spread In the vertebrate world and being an aversion it may Increase 
the strength of a dominance drive . " In brief, while a territory is 
any defended area, sexual and nesting territories are characterized by 
sexual and nesting activity, in contrast to a retreat which is occupied 
because it Is familiar and defended because any newcomer is Irritating 
to the resident," In her review of the literature on the role of territory 
in bird life, Nice prefers Noble's definition of a territory ("any defended 
area") for Its, slmpllclty and Inclusiveness (80, p. 441). 
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Fig. 6. A. Recently weaned young 
muskrat a short time after having 
been fatally wounded through what 
appeared to be typical intraspecific 
attack, Green's Slough, northwestern 
Iowa, June 20, 1936. 
B. The same muskrat dying 
about 20 minutes later, with in-
testines hanging out. 
Photos by Herb Schwartz. 
Appendix B lists the clearest cases of serious or mortal wounds 
of muskrats resulting from intraspecific attack, 'as observed on 
Iowa specimens recovered in states suitable for examination and 
diagnosis. Figure 6 illustrates a typical condition of a recently 
weaned individual dying ()f wounds inflicted by an older animal 
of its kind. 
The direct consequences of intraspecific intolerance may be 
very severe. In the dry fall of 1939 most of the many dead adults 
found about the shores of northwest Iowa lakes and marshes had 
died of strife wounds, and, during the summer of 1935, losses 
of young from attacks of older animals on parts of overpopulated 
Round Lake were sufficient practically to nullify continued 
reproductive ' effort. When loss trends from natural enemies, 
disease, and miscellaneous factors are so intercompensatory that 
they act collectively, with one type of loss automatically decreasing 
as another increases, intraspecific strife usually seems to be 
dominantly operative and thus the ultimate check on popUlation 
levels within limits of habitability of the environment. 
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Indirect aspects of this intolerance have, moreover, a pertinent 
bearing upon an analysis of mink predation upon muskrat 
populations, because a substantial proportion of muskrat losses 
to minks is an accompaniment of the unrest, eviction, wandering, 
occupancy of inferior habitats, and the undernourishment and 
injuries that become more and more of an individual handicap 
as population tensions become accentuated. 
DROUTH AND VULNERABILITY OF MUSKRAT 
POPULATIONS TO PREDATION 
Drouth conditions oi varying intensity and duration have 
prevailed somewhere on regularly observed Iowa areas in every 
year except 1935, and data as to the consequences to muskrats 
were obtained for the entire annual cycle of seasons (see Appen-
dix A). Especially productive of drouth data were studies in 
northwestern Iowa in summer and fall, 1936; in central Iowa, 
fall and winter, 1936-37, late summer and fall, 1937; in north-
western and central Iowa, summer and fall, 1939 and 1940. The 
muskrat occupants of central Iowa oxbow potholes were subject 
to a certain amount of drouth exposure practically every year 
(fig. 7). Differential drying of habitats occupied by the muskrats 
often permitted local drouth studies at times when populations 
of the region were for the most part living "normally," hence 
many were the opportunities to observe the onset and progress of 
drouth conditions and to compare events on one area with those 
on another. 
Valuable supplementary data were obtained from western 
Fig. 7. Muskrat r e treat be ing exposed by "normal" mid-summer 
drying of an Iowa oxbow pothole. 
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South Dakota, fall and winter, 1924-25, and from the eastern 
part of that state, summers, 1934 and 1939. 
A previous paper has been devoted to reactions of muskrats to 
drouth (34), and its content will not be 'reviewed here except as 
concerns vulnerability to enemies from drouth exposure. 
This vulnerability takes two salient forms. One is in con-
sequence of the intraspecific friction that attends desperation; 
the other, of increasing disadvantage to muskrats as their 
customary habitats dry up and .individuals not only are under 
greater handicap in escaping enemies and defending themselves 
but are also forced into more hazardous living routines. 
The intraspecific friction results both in direct injury to 
individuals and in driving parts of popUlations into temporary, 
unfamiliar, or uninhabitable quarters where lethal attack by 
enemies is more likely to occur. Evicted animals in good physical 
condition may find themselves under plenty of handicap, but the 
situation is more serious for many that are sufferers from under-
nourishment, thirst, or freezing of extremities, in addition to the 
frequent strife wounds. Strife wounds have in some areas far 
surpassed all other immediate causes of death of drouth-wandering 
muskrats even when minks and other predators were taking 
conspicuous advantage of the vulnerability of these animals. 
Indeed, the evidence from some local mid-winter drouth crises 
suggests that individual minks may subsist almost wholly on 
the carcasses of muskrats killed by other muskrats. 
Figure 8 shows drouth-exposed burrow entrances of a sort 
commonly seen along streams. The muskrat occupants of dry 
marsh retreats, as illustrated in fig. 9, may similarly lack the 
protection of water, but this deficiency is often partially mitigated 
in the warmer months by more convenient access to high· quality 
foods (38) than stream-dwelling popUlations may have.19 
The significance of water in the protection of muskrats from 
minks is by no means clear. \Vater in quantity doubtless affords 
active muskrats advantages in flight and maneuvering; but, as 
long as there are puddles, or soupy mud, in the exposed entrances 
of lodges and burrows (fig. 10), resident muskrats, including 
young, seem to be fairly secure from minks. The total disappear-
ance of the surface water has, according to the Iowa notes, marked 
a critical stage in muskrat vulnerability to minks on so many 
occasions that it could hardly have been due to coincidence. 
Freezing as well as evaporation of the last water in muskrat 
channels may acutely accentuate vulnerability, but the two types 
of emergency conditions are not in all respects comparable. At 
19 Stream and ditch populations having access to corn fields are a 
notable exception and may thrive even if they do much of their foraging 
on land. Their ways of life often look hazardous, but some corn-fed 
ditch populations have shown as mueh security from predation as have 
any populations observed during the Iowa studies. To a large extent 
this seems to be a matter of the muskrats becoming accustomed to 
special lIving conditions and developing special habits of caution, 
storage and denning. . 
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Fig. 10. As little water as this (see foreground) in burrow entrances 
may confer upon resident muskrats a notable degree of protection from 
minks. 
The young, varying in size from sucklings to subadults, are the 
chief sufferers from mink predation during drouth crises. Mink-
wise and formidable adults, sometimes in company with a few 
younger animals, may live for months, summer and fall, in dry 
but food-rich habitats, burrowing in powdery soil and heaping up 
vegetation over their shallow diggings (fig. 11). While such 
"haycock" lodges are most frequently seen on marsh bottoms, 
modifications of the same design of structure appear in lowland 
weed patches, on dry stream banks, and in corn fields (34, p. 181). 
Low temperatures in north-central states impose a mighty 
obstacle to survival of drouth-exposed m).lskrats. Adults and 
young alike may stay in dry quarters if food is plentiful, or they 
may leave, with or without discernible reason. Once they leave, 
theirs is the usual fate of wanderers, whether they die through the 
agency of cold, hunger, traps, motor traffic, farmers' pitch forks, 
dogs, faxes, minks or other muskrats. I f they attempt to winter 
on familiar ground, they are spared many of the vicissitudes and 
dangers to which wanderers are subject, but the odds against their 
survival are pretty hopeless as long as living conditions remain 
unimproved. 
The role of drouth in depleting muskrat populations can indeed 
be a primary one, and it is not surprising that, when this mortality 
factor assumes catastrophic proportions, incidental losses occur. 
Mink predation upon drouth-vulnerable muskrats is to a very 
considerable extent secondary and symptomatic of insecurity, 
even if it sometimes is of annihilative severity. 
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THE MECHANICS OF VERTEBRATE PREDATION 
. IN NORTH-CENTRAL UNITED STATES 
\Vhat most predatory vertebrates kill and eat appears to be 
determined chiefly by relative availability of prey. Availability 
of prey, in turn, is conditioned by many factors, including sizes 
and adaptations of predators and prey for capturing or escaping 
the other, and is linked not only with abundance of the prey but 
also with immaturity and numerous handicaps of which oppor-
tunistic predators take advantage. In territory-holding higher 
vertebrates or those otherwise intolerant of parts of populations 
or concentrations above certain levels, the degree of intolerance 
may have a material bearing upon the extent to which a given 
population may be fairly safe from predation or highly vulnerable. 
Quotations from a recent publication (45, pp. 815-816) sum-
marize the findings of predator-prey investigations in the region 
with which the present writing is concerned: 
"The mind-picture that we have of vertebrate predation in the 
rich farming communities of Iowa and southern Wisconsin takes 
the following broad outlines: A supply of staple prey animals 
[rabbits and small rodents] so bounti ful that even after cyclic 
declines some species may be preyed upon by their usual enemies 
in much the same proportion as before; non-staple prey species 
that suffer predation chiefly as their vulnerability may be 
accentuated by overpopulation, environmental evictions, climatic 
emergencies or disadvantages of other sorts; a predator population 
Fig. 11. One of the last stages of occupancy by muskrats of a long-
dry marsh Is manifested by heaping of earth and vegetation In "hay-
cock" lodges over shallow diggings. 
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that may often be about up to the limit of density that many 
component species will themselves tolerate in their respective 
habitats ... but 'still a population essentially far below the limit 
of its easily accessible food . . . 
"The greatest difference in this picture and those that may be 
drawn from some other parts of the continent seems to lie in the 
continued availability of staple prey or 'buffer' species. Stoddard 
... [ (98) 1 and Komarek ... [(61)] have described the 
building up of populations of certain southeastern predatory 
mammals during ascendencies of their prey, cotton rats . . . 
and the resulting increase of pressure upon bob-whites [C olinus 
virginianus] after decline of the rodents. MacLulich ... [ (66) 1 
has recently reviewed the extensive literature on dependence of 
lynx (Lynx canadensis) and other predators upon the snowshoe 
hare [Lepus americanus] in the northern wilderness and the 
starvation that follows periodic die-off of the hares. In the 
north-central states areas under observation, few of the predators 
we have studied ever appeared primarily dependent on anyone 
staple prey species for food at any critical time; such declines 
of staple prey animals as were observed accordingly did little 
to upset general predator-prey equilibria except occasionally (not 
always) to cause predators to turn to other staple species that were 
themselves well able to bear greatly ·increased pressure. . . 
"Except for . . . forms" having more inflexible hunting ten-
dencies or specialized adaptations, north-central winter-active 
predators 'seem to have little trouble in shifting from one major 
mouse species to another or from mice to cottontails or from 
usual main staple foods to the various non-staples that for one 
reason or another may rise in prominence. During warm-weather 
months, there is the same ready utilization of rabbits and mice 
and temporary shifting to an even greater variety of non-staple 
prey, including ground squirrels, crayfish, May beetles (Phyllo-
phaga spp.) , and grasshoppers . . ." and perhaps other animals 
that may, in addition, constitute staple seasonal food for some 
of. the predator species resident."20 
20 The response of parasites (Including those of the plant kingdom 
and of uncertain systematic position) to availabfJlty of host animals 
may often] resemble response of predators to availability of prey, but 
pronouncel1 differences in the action of predation and parasitism may 
be observetl. 
"Rodents, rabbits and Insect populations, at peak abundances over 
large areas, appear to be far beyond the control of any vertebrate 
enemies that may, within reason, prey upon them. During mouse 
plagues, grasshopper outbreaks, etc., virtually all conceivable enemies 
may take toll without visibly affecting population densities, except 
perhaps where predators may concentrate on a local scale ••. [(94)]; 
and periodic rises of 'cyclic' animals that are In turn staple foods for 
many Important predators are of widespread occurrence In northern· 
lands. Patasltism ... as It is more llkely to bring about collapse of 
top-heavy host populations, Is not so comparable with predation In this 
respect" (45, pp. 818-819). 
The only disease of muskrats on which I have any considerable 
amount of .. evidence Is a highly lethal fungus ailment of the young (36, 
PP. 466-46"/; 41; 43, P. 61), but this has not resulted In recognized 
eplzootics. In Shillinger's paper on coccidiosis on muskrat marshes 
during loW-water years, his statement that "massive Infestations de-
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The muskrat, for reasons that will be more apparent later in 
this bulletin, is regarded as non-staple prey though it may at 
times serve as staple prey for predators as minks. Intraspecific 
friction and drouth may, as has already been pointed out, assume 
great importance in making muskrats vulnerable to attacks by 
minks, and, of late, it has become increasingly clear how un-
familiarity of individuals with environmental details - as during 
periods of reorientation or wandering over strange ground -
may expose them to predation far more lethal than that suffered 
by animals having familiar escape facilities on regular home 
ranges. 
In the early years of the Iowa investigations it was felt that 
the chances of muskrats for escaping minks depended largely 
upon how abundant other prey animals ("buffers") were. It 
may now be doubted that differences in availability of other 
mink foods appreciably affected the severity of the predation 
borne by any of the muskrat populations observed, except possibly 
in a few instances where minks, to hunt elsewhere, abandoned 
habitats that were still occupied by muskrats. In the event of a 
pronounced scarcity of prey at a time when predators remain 
numerous, "buffering" reactions may perhaps become more 
apparent,21 but predation losses of north-central muskrats seemed 
to have slight connection with the usual differences in population 
status either of "buffer" or of predatory species. 
Quotation of the summarized findings on north-central pre-
dator-prey relationships may here be resumed (45, p. 817) : 
"Making allowance as well as we can for variables . . . we 
may see a pattern of continuity and compensation that looks 
in many ways peculiarly reminiscent of McAtee's ... [ (70) ] 
much-attacked thesis that predation collectively tends to be in 
proportion to population, later restated ... [ (71) ] to the effect 
that the proportion, however, rises and falls progressively with 
increase or decrease in numbers of the available food organisms. 
velop, and great mortality has been noted after several weeks of drouth 
on a marsh" (92) hints of disease more nearly of epizootic nature, but 
one of which the population effects may only doubtfully be dissociated 
from other consequences of drouth. 
Nevertheless, despite the lack of clear evidence of muskrat eplzootics, 
It seems to me very possible that reductions due to this cause may 
take place In the region of my studies. Rumors of large numbers of 
dead muskrats are often current In Iowa, and some fairly fresh speci-
mens have been found In the field or received from cooperators. Most 
of the specimens were the usual trap cripples or strife-torn wanderers,-
but there were some that had died for reasons that could not be deter-
mined through ordinary postmortem examination (41). 
Skunk River, south of Cambridge, was the most productive stream 
habitat observed in 1940 and was conservatively trapped that fall, but 
the faU population of 1941 was, to the best calculations, less than a 
fourth of what it had been in 1940. Early in the winter of 1940-41, 
trappers had reported many dead animals, and the 1941 summer obser-
vations indicated a low breeding density. In other parts of the state, 
some local populations were also strangely low, sometimes In close 
proximity to areas that were well populated. A disease affecting local 
muskrat populations as drastically as tularemia in certain western 
beaver colonies (85) would give us somewhat the same manifestations. 
21 Sec Errington and Stoddard's comparison of predation upon north-
central and southeastern bobWhites (47) for a related discussion. 
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"Losses from predators of some species living in strong environ-
ment may be negligible, though their own and predator densities 
may be high; or losses of the same or other species in weak 
environment, or when overcrowding strong environment, may 
represent a clean sweep of populations or parts of popUlations; 
or, at times, densities of prey, as rodents and insects, may reach 
such peaks that predators can consume or kill but a very minor 
proportion of them under conditions most favoring predation; 
still other species may be conspicuously vulnerable only to few, 
or to particular, enemies. Even so, between the extremes. and 
the exceptions, it would be hazardous to say that the majority of 
prey species . . . do not at most times suffer collective pre-
dation much as their relative abundance might lead one to expect. 
At any rate, it is apparent that relief from specific predators is 
not necessarily synonymous with that much net relief from 
predation as long as basic insecurities continue unchanged. . . 
. "The horned owl [Bubo virginianus] is a redoubtable, if not a 
dominant, predator within the confines of its habitat in Iowa 
and southern Wisconsin. There it seldom lacks alternatives 
as concerns staple food, of which there is commonly a far greater 
abundance than it or associated predators can utilize. Within 
limits imposed by its own adaptations and behavior, it takes 
pon-staple prey largely as circumstances permit or as these may 
exceed in availability the staple prey animals. Exceptional avail-
ability of non-staple prey may be superimposed upon the 'normal' 
availability of the staple, and, if the horned owl doesn't happen 
to respond, the chances are strong that some other predator, or 
predators, will." 
The mink is not so near the top of the food' pyramid as the 
horned owl and differs from the owl in ways too obvious to 
enumerate, but, were one to substitute "mink" for "horned· owl" 
in the concluding paragraph of the above quotation, the resulting 
generalization would not be wide of the truth. 
. As a predatory species, the mink may be highly responsive to 
vulnerability of prey animals. Indeed, it may be a most ready 
killer when conditions are favorable for easy predation, as when 
a local fauna may consist of a teeming aggregate of large inverte-
brates and small vertebrates. Shallow water zones of life-rich 
marshes of northwestern Iowa may be strewn with fragmentary 
to complete bodies of aquatic insects, crayfishes, snakes, blackbirds 
(Icteridae), and young coots (Fulica americana) killed by minks. 
In winter, when concentrations of fishes and frogs occur in 
springs and pools or in the plunge holes and channels of muskrat 
habitations, extensive snowdrift tunnels may be found packed 
with uneaten mink victims (38, p. 79). 
When conditions for predation are not favorable, the mink's 
killing may diminish or cease and it subsists principally or entirely 
~pon its "caches" or carrion. In this as well as in other predator-
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prey interactions, great flexibility may exist, and the equation 
becomes intelligible in large proportion to the success with which 
common denqminators may be recognized. 
In the analysis of mink predation upon muskrats, the common 
denominator seems to be vulnerability of the muskrats rather than 
any special propensities the minks may have for doing the preying, 
and such vulnerability is outstandingly a function of practically 
anything that promotes instability in muskrat popUlations. 
SEASONAL AND SPECIAL ASPECTS OF MINK 
PREDATION UPON MUSKRATS 
The preliminary groundwork of this bulletin having been laid 
in preceding sections, data on distinguishable phases of mink 
predation upon muskrat populations may now be presented. 
The muskrat popUlation summaries22 in the tables to follow are 
as a rule quite accurate for the late spring to early summer and 
the late fall to early winter periods. For purposes of obtaining 
values for correlation with mink predation rates in mid-summer 
and early fall, it has been necessary to estimate muskrat densities 
for this interim from trends defined by data for earlier and later 
periods. 
THE SPRING DISPERSAL OF MUSKRATS 
AND MINK PREDATION 
Dispersal of muskrats from wintering to breeding quarters 
takes place in central and northern Iowa mainly between the 
middle of March and early May (37, pp. 174-177). The details 
of this movement are as yet imperfectly worked out, but con-
siderable evidence suggests that many veteran females (perhaps 
many adult males as well) may remain in their established ranges, 
whereas the maturing younger animals, which had typically spent 
"their first fall and winter in, or close, ·to, the home ranges of 
their parents" (37, p. 174; also 34, 43, and unpublished), may 
tend to seek their fortunes elsewhere.23 
Warwick (107, p. 179), . writing of the same muskrat that 
occurs in Iowa but which was introduced in the British Isles, 
found that the "peak of activity was . . . well marked and limited 
to a day or two during March, though general activity was 
spread over most of the month [in 1933, the heaviest catches for 
control purposes were on March 14 and IS]. The spring migration 
approximately coincides with the mating season. During the 
22 Data. reserved for detailed treatment In a later paper. are current-
ly at hand for approximately 28 linear miles of watercourses (exclusive 
of minor windings of channels) and 2,250 acres of marshlands In up-
wards of 30 Iowa areas kept under regular observation for an average 
of nearly 5 years. 
23 Miller (74. p. 28) describes what seems to be a general pheno-
menon among higher vertebrates: "Young animals do not disperse at 
random, ac~ldentally; they are shouldered out and forced to pioneer." 
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migratory season the males are specially active, and a few leave 
the main colonized area and travel considerable distances. These 
migrant animals are not necessarily the oldest males in the 
population; though in March and April, males two or more years 
old are more active than at any other time. . . . In England 
they [migrant animals] are usually obtained at the end of April, 
and in Scotland in May; in nearly all cases where the sex was 
determined they have been males." 
The same author continues (p. 180), after listing eight males 
and three animals of undetermined sex caught between April 20 
and June 16, 1931-37: 
"Evidence of the way in which isolated areas are colonized 
suggests that though most of the striking instances of migration 
are by isolated males, the animals sometimes travel in pairs or 
entire families. There is reason to believe that at one place 
in Scotland, such a migrant party travelled to the headwaters 
of the stream, along the contours of the hill drainage to the 
sources of another, down which it passed to a lake which it 
colonized. Active migration [i. e., wandering?] probably only 
affects a small proportion of the whole population, whose 
increased activity in the area already colonized results in increased 
numbers caught. In the spring of 1934 there was a tendency for 
some movement from the river Severn in Shropshire toward 
ponds and ditches. From the 1st to the 22nd March; 1934, 10 
male and 10 female Musk-rats were caught; from the 23rd 
March to the 5th April, 8 males; and after the latter date a 
pregnant female. This points to a definite lack of activity in the 
females immediately after the mating season." 
Some additional details are contributed by the Iowa data. The 
greater apparent activity 9f the males may not be due wholly to 
a greater wandering tendency of that sex.24 It seems true that, 
after the peak of the dispersal, the females are, if not actually 
retiring in their habits, more deliberate in their movements, but 
a great deal of the footloose wandering of males observed is 
believed to represent activities of vagrant, unmated males rather 
than activities more characteristic of the male sex. 
Of 61 carcasses of evidently "unsettled" Iowa adults dying in 
spring from wounds from intraspecific strife or causes other 
than predation and direct killing by man, the sexes of 31 could 
24 As concerns the not distantly related Microtu8 penlt.~vlvanicu8, 
Hamilton (53, p. 261) states that "Males wander more widely than 
females. and are more likely to take up residence In new areas which 
have been previously unpopulated by the species." Townsend (l03, p. 
99) writes of "pioneers": "An Interesting point about Microtus is the 
presence of solltary Individuals as well as of small groups of two and 
three In remote and Isolated patches of their habitat"; four of five of 
such specimens llsted from central New York were males. Wbelan, 
describing a northern Ontario vole "plague," states that "Microtll8 were 
found In the most Incredible places" and that of more than 20 trapped 
and sexed during six weeks in May and June, 1938, "not 1lne 1vaB a female" 
(108, p. 54). 
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be distinguished; 27 were males. Another known wanderer 
was collected in a nest it had improvised on shore; it, too, was 
a male with painful-appearing wounds. N one of 30 specimens 
from "settled" marsh populations examined between the last 
week of April and the first three weeks of June had conspicuous 
wounds, and those wounds acquired earlier in the season had 
long been healed. 
, That the spring dispersal of muskrats should result in increased 
vulnerability to minks is to be expected, but the vulnerability may 
have little relation to general population densities either of 
muskrats or of minks. 
In table 1, which summarizes the Iowa data on spring mink 
predation upon adult muskrats of marsh habitats, it may be seen 
that the known loss of four at Little Wall Lake in 1937 is quite 
high in proportion to the breeding population. The Cheever 
Lake predation rate for the spring of 1940 also looks high in 
proportion to the low muskrat densities resident on the marsh.25 
The converse is illustrated by the slight loss suffered by heavy 
local densities at Wall Lake in the spring of 1940 (the four fecal 
representations in table 1 were judged to be remains of the 
same victim), apparently because of the advantage afforded even 
transient animals by jungle-like growths surrounding the muskrat-
occupied parts. 
The data from Round Lake, 1936-39, and Cheever Lake, 1939, 
are thought typical of spring mink predation upon muskrats of 
north-central marshes. Of the 31 adults listed as spring mink 
vict:ms for these places and seasons, the carcasses of six were 
sufficiently complete to permit recognition of sex and appraisal 
of physical condition; these six were males, with wounds from 
intraspecific strife, and were a fair representation of those 
commonly to be found dead, dying, or recuperating along the 
lake shores. 
Recognized transients at Round and Cheever Lakes tended to 
occupy a narrow strip separating the wet marsh from cultivated 
or pastured land, where the marginal cover varied from none 
(nearly bare mud) and closely grazed grass to patchy stands of 
weeds, rushes and fringing brush. The transients lived in 
miscellaneous dry land holes, under stumps, logs, and drift, in 
remnants of abandoned muskrat burrows and lodges, and in 
flimsy nests built on shore or a short distance out in the water. 
Such individuals were known to stay in temporary retreats from 
a few hours to several days and should not be confused with 
established peripheral residents living in well-kept burrows 
accessible only from beneath the water. 
25 Spring data on mink predation In Iowa stream habitats are too 
fragmentary to include in table 1, but the 1938 notes for a mile stretch 
of Kelgley's Branch contributed a further example: Summer breeding 
densities of muskrats were the equivalent at five pairs; yet, In March, 



























TABLE 1. I>UNK PREDATION UPON ADULT MUSKRATS IN SPRING. 






















I 190 to 200 Rather low 
\ 
170 to 180 Rather low 
165 to 170 Rather low 
190 to 200 Rather low 
About 140 I Low 
410 to 430 I High 
Possibly 
about 70 ! 
15 to 18 
Very low 
Low 
Relative status of 
mink population 
for area, chiefly as 
indica ted by 
females having young 
during the summer 
Moderate (3 females 
with young and at 
least 1 regularly resi· 
dent large male) 






I In 26 or 49% of 53 
I 
In 35 or 66% 
of 53 
In 7 or 8% 
of 84 
In 36 or 32% 
of 114 
Low (1 female with [In 1 Or 1% 
young) of 124 
Very low (apparently In 3 or 16 % 
only a single indio of 19 
vidual in any sort of 
regular residence) 
Evidently low 
Rather high (1 fe· 
male with young and 
at least 1 large male) 
In70r47% 
of 15 
In 2 or 3% 
of 73 
Other evidence bearing upon 
extent and nature of the 
mink predation 
Brunt of mink predation was 
borne by shore·dwelling tran· 
sients; 18 carcasses of vic· 
tims were found and those 
for which seoc was determined 
were males showing many indio 
cations of intraspecific strife. 
Carcasses of 5 mink victims 
found; these seemed to be of 
typical transients. 
Only 1 carcass of an adult 
victim of Il mink was found 
and that was on shore. 
Carcasses of 2 mink victims 
were fonnd. 
Carcasses of 3 mink victims 
were found. 
Carcasses of 4 muskrats were 
found, of which 3 were known 
to have been mink victims. 
The evidence indicates that 
the victims were either tran· 































TABLE 1 (Continued) 






























j Possibly I Moderate 20-30 tran· for habitat. 
sients in which is 
course of plainly 
the spring marginal 




Relative status of 
mink population 
for area, chiefly as 
indicated by 
females having young 
during the summer 
Low (1 female with 
young and possibly 1 
or 2 adult males) 
Low (1 female with 
young but probably 
a greater number of 
adult males than in 
1999) 
High (1 female with 
~oung and an un· 
nown number of 
other adult animals) 






In 8 or 38% 
of 21 
In 8 or 25% 
of 32 
In 4 Or 13% 
of 30 
In 0 of 152 
Other evidence bearing upon 
extent and nature of the 
mink predation 
Carcasses of 4 muskrats were 
found on shore, of which 2 
were known to have been 
mink victims. 
Carcasses of 4 muskra Is were 
found on shore, of which 1 
was of a mink victim. 
All representations in the 
mink feces seem to be of the 
same victim. The vulner-
ability even of transient 
muskrats seemed greatly re-
duced by the dense marshy 
vegetation surrounding the 
occupied habitat. 
No evidence of mink preda· 
tion, even at the height of 
the muskrat dispersal when 
"sign" of the latter as well as 
of the minks occurred gener· 




Being strangers in environment offering them little refuge and 
threatened at the same time by the hostility of muskrats already 
in residence and by minks using the marsh edges as main routes 
of travel, the transients were patently vulnerable, and killing by 
minks continued as long as prospective victims wandered in 
numbers about such places, or until late Mayor early June. 
Late spring transients found dead on highways, along lake-
shores, and in retreats of minks usually had intraspecific strife 
wounds in common but varied considerably in physical attributes. 
Some were robust animals of the sort known to be, at least in 
late fall and early winter, aggressive invaders of occupied terri-
tories, reckless and powerful fighters; at the opposite extreme 
were the scrawny, undersized individuals so often abused by their 
normal fellows; the majority looked like ordinary males. The 
losses may be said to be sex-selective mainly to the extent that 
wandering males outnumber wandering females at this time of 
the year; and this in turn may be attributed not only to the 
apparent tendency of females, mated or not, to "settle," hence to 
live more safely, but also, in part, to a usual preponderance of 
males in the wintering population.26 
Table 2 summarizes the sex and age composition of samples 
of locally wintering'Iowa muskrat popUlations. Ten of 11 of 
the larger samples (50 specimens or more) and the totals for 
both northwestern and central Iowa show clearly lower per-
centages of males among adult animals than among the young 
(including subadults). The northwestern specimens were marsh 
dwellers, and their percentages of males indicate a much higher 
differential spring and summer mortality of mature males than 
do the percentages of males in the mainly stream-dwelling 
muskrats of central Iowa; the 120 of the central carcasses that 
came from marsh habitat (Wall Lake) show the same trends, 
with 40.5 percent of 42 adults being males as compared with 
52.6 percent of 78 young of the year. Two of the four small-
locality samples relate to populations that had suffered such 
drastic juvenile mortality through emergencies that the young 
surviving by fall only slightly outnumbered the adults. 
There is evidence that spring and summer wanderers frequented 
central Iowa stream habitats with less disturbance and greater 
safety than did wanderers about the lakes and marshes - probably 
partly because solitary "extra" animals should be. able to spend 
the warmer months in brooks, drainage tiles, and out-of-the-way 
pools with at least some relief from persecution by their own 
species. 
26 Marshall (68) found only 48 percent males in 1.065 muskrats ("presumably ... Ondatra zibethica o8oyoosensis") trapped In fall and 
early winter. 1936. on the Bear River Migratory Bird Refuge In Utah. 
but this low figure for a large series Is offset statistically by the 69 
percent of males recorded by Buss (12) for 2287 winter-taken Wisconsin 
muskrats (0. z. zibetllicus). 
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Of 930 young handled in 172 Iowa marsh litters_ less than two 
weeks of age, 54.6 percent were males, which may be considered 
about as close to the actual sex ratio at birth as the Iowa data 
take us. The fall and early winter sex ratio of all series of 
marsh specimens (1,113 from both northwestern and central 
Iowa) is 54.7 percent males, 57.4 percent for 864 young of the 
TABLE 2. SEX AND AGE DATA FROIlI ALL SAMPLES OF IIIUSKRAT popu-
LATIONS WINTERING ON IOWA AREAS UNDER REGULAR OBSERVATION. 
SUMMARIZED ACCORDING TO LOCALITIES AND PARTS OF STATE. 
. I Period I n~~b!r I Sex and age ratios I Percent males I~ocahty taken speci· Adult I Adult I Young I Young All I Adults I Young 





















I I I and -Dec .• 
37.5% 157.9% 1936 181 18 30 77 56 52.5% 
Dec., I 
1937 208 20 24 94 70 54.8% 45.5% \57.3% 
Dec., 




19 14 97 71 57.7% 57.6% \57.7% Jan. t 
1940 97 11 9 53 24 66.0% 55.0% 68.8% 
Nov., 
53.3% ! 56.3% 1940 31 8 7 9 \ 7 54.8% Dec., 
·1 1 
1941 81 5 9 40 I 27 55.6% 35.7 % \59.7 % 
~~:'!1005!100 !113 !458 1334155.6% 146.9% 157.8% 








38 100 5 8 49 38 54.0% 38.5% 156.3% 
Nov.-
I Dec., 1940 348 25 26 \ 157 I 140 52.3% 49.0% 152.9% Dec., I 
1941 175 12 12 I 80 I 71 52.6% 50.0% 153.0% Nov., 1938 42 4 5 16 I 17 47.6% 44.4 % I 48.5 % 
Nov.- I I I Dec., I 
1940 23 6 4 I 7 I 6 56.5% 60.0 % 153.8 % Dec., 
1941 30 6 5 10 I 9 53.3% ,'-'% 1''''% Nov.· Dec., I 1940, and 
Dec .. I 




1937, I to 938 86 94 401 357 51.9% Dec., I 1941 I 
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year, and 45.4 percent for 249 adults. The young mature by the 
spring and early summer of the year following their birth (36, 
pp. 475-477), and the similarity of the sex ratio of the very young 
and of the "kits" and subadults of early winter,21 together with 
the field data on mortality, confirms the thesis that the sex-
selective reduction of males is principally associated with the 
spring dispersal and the period of "settling." The lower per-
centage of males in the marsh adult group suggests that not far 
from a third of the animals of that sex mature or maturing the 
previous spring had lost their lives; this may be contrasted with 
the mortality rates of mature females that were seldom known 
to have exceeded 10 percent from spring to fall. A spring 
mortality figure of about one-third of the male population would 
receive some indirect confirmation from Seton's (89, p~ 597) 
quotation of Manly Hardy that "In the spring of the year . . . 
fully a fifth part of a [trapper's] catch ... will show the marks 
of night-time squabbles and· bog-land brawls," since the fifth 
part of a catch consisting 55 percent or more of males might very 
possibly represent chiefly a vulnerable third of the males, about 
as in the Iowa marshes. 
The usual chewed-up state of marsh animals still "unsettled" 
by late spring and early summer is doubtless prejudicial to their 
chances for escape in the event of encounters with minks. Despite 
the great number of the wounds due to intraspecific strife that 
are superficial and of limited hazard to survival even when an 
individual may bear many of them (the pelts of some old musk-
rats may actually look pock-marked from scars), animals are 
found with enormous wound abscesses; with viscera exposed, 
bitten irito, and occasionally infested by fly larvae; with legs 
hamstrung; tails cut off; and all manner of long, deep gashes 
across fore and hind quarters. The serious nature of many of 
these wounds is, of course, further attested by the mortality 
that results from them. 
As I interpret the evidence, most of these badly chewed in-
dividuals are sufferers from cumulative punishment. It is entirely 
within reason that many of the battered ones are not the mate-
seeking warriors they are popularly supposed to be and may be 
only harrassed transients doing as well as they can to keep out 
of trouble. At times they may succeed in establishing relatively 
peaceful "bachelor quarters" in good environment,28 but, in areas 
21 The data on sex ratios of very young animals were procured chiefly 
between 1936 and 1938; and for this period are in still closer agreement 
with the late fall and early winter ratios of marsh young of the year 
- 54.4 percent and 54.9 percent males, respectively (36, pp. 467, 477). 
28 The sole specimen of a mature male judged to be In this category 
was collected July 22, 1935, on Round Lake, about 80 yards from shore. 
Field notes describe it as small (913 grams), "with almost countless 
healed scars on pelt." It had an aged appearance and permitted Itself 
to be struck by a canoe paddle wh!le sitting beside a lodge. 
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where muskrat breeding densities are high,29 the habitable 
environment remaining open to newcomers may be strictly limited. 
Then, the history of the late wanderers - to their better-situated 
brethren an unwanted surplus - becomes one of continued 
diminution, whether the medium of their mortality be teeth of 
muskrats or of minks, or of dogs, whether they die under the 
wheels of automobiles or meet some other fate. 
SECURITY OF BREEDING MUSKRATS 
FROM MINK PREDATION 
The seeming promptness with which breeding muskrats "settle" 
in definite quarters after the spring dispersal surely has a bearing 
upon their susceptibility to attacks by enemies. As Nice states 
in her summary of the bases and functions of territory in verte-
brates (80, p. 468): ((Conditioning to an area puts an animal into 
the best stimulus situation; the support from the familiarity of 
the environment enables it to be dominant there." This general-
ization may be applicable not only to situations involving intra-
specific defense but also, logically, interspecific defense in cases 
where the apparent margin of advantage of either minks or 
muskrats over the other is as slight as it often is. Allee (3, pp. 
292-293) shows that psychological background may have a very 
strong influence on the fighting prowess of laboratory mice, and 
it could well be that the role of a muskrat's "morale" is similarly 
important in evenly matched combat with a mink. 
. Once "settled" in regular territories having adequate space, 
cover, food, and water, muskrat breeding populations at all 
densities observed in Iowa suffered negligible predation from 
minks, even when, in 1935, Round Lake had the heaviest breeding. 
densities of both. muskrats (about 260 pairs or equivalent) and 
minks (five females with young in dens, plus an. unknown number 
of adult males) in its recorded history. 
Field notes, indeed, give several instances of breeding adult 
muskrats living securely for. weeks in lodges or burrows, parts 
of which were in use as mink dens. A lodge built in a farm 
junk pile on the south shore of Round Lake was regularly used 
for years by minks and muskrats. In 1936, one side of this 
lodge was the favorite retreat of a huge mink that was occasionally 
29 "From work carried on at Round Lake ... and at Cheever Lake 
.•. it seems that about one pair per 30 to 50 yards constitute very 
nearly ·the peak breeding densities tolerated in superior shoreline 
habitats of these marshes,"' and the densities in vegetation-grown areas 
out from the shore zone seldom exeeeded the equivalent of two or three 
pairs per acre (37, p. 178). On open water Iowa and South Dakota 
lakes, "a pair per 200 to 500 yards of shore may often be all that can 
be expected. Medium-small streams and ditches intersecting corn fields 
and agricultural lands may accommodate six to eight breeding pairs 
per mile, but such watercourses, if bordered mainly by pasture, may be 
suitable only for half as many pairs, or fewer" (37, p. 183). Large 
streams, with much sluggish water and emergent vegetation in the 
shallows, may have breeding maxima comparable to those of marsh 
shores. 
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watched feeding upon muskrat victims (on May 15 of that year, 
current and fairly fresh remains of at least seven evidently 
transient adult muskrats could be counted amid other prey 
debris) ; and four feet from the mink retreat was the chamber 
where young muskrats were kept. The young muskrats in the 
chamber did not last long, but this only emphasizes the essential 
security of the adults, which were seen attending to their affairs 
even when the mink was in its side of the lodge. 
Responsiveness of minks to availability of muskrat!; exposed 
by summer drouth has already been introduced in this w~iting 
and elsewhere (34). Concerning the Round Lake situation during 
the drouth of 1936, we may read: "... the mink pressure 
slackened in MaysO but was resumed in July as the water level 
of the marsh went down. Exposure of the bank burrows along 
about 300 yards of the southeast shore was followed by the killing 
by mink, largely between July 22 and August 1, of apparently 
all but one of eight muskrats [unmated or late-mated adults] 
believed to be resident there. The one individual known to have 
escaped was living in a newly built lodge about 60 yards from 
shore. Similar mortality in other exposed shore habitats was 
also detected but nearly the entire population of Round Lake was 
already living in much greater security in lodges deeper in the 
marsh" (34, p. 176). Thirty-four or 21 percent of about 160 
middle to late July mink scats from the southeast shore contained 
remains of muskrats - largely, but not exclusively, of adult 
victims. 
Critical exposures of breeding popUlations by drouth were 
closely studied in the Dewey's Pasture area in 1936, at Cheever 
Lake and vicinity in 1939 and 1940, and at Wall Lake and 
vicinity, 1940. The variables introduced by egress and adult 
mortality from causes other than mink predation and the difficulty 
of distinguishing between fragmentary or fecal remains of adults 
and of adult-sized young (see 36, pp. 476-477, for a discussion of 
external similarities) do not permit assigning of numerical values 
to depredations of minks upon breeding muskrats, even in cases 
where local areas become completely depopulated of known 
densities of muskrats during periods of intensive exploitation 
by minks. 
It seems broadly true that heavy predation upon drouth-exposed 
breeding muskrats follows as a result of the gradual pyramiding 
of many disadvantages rather than through anyone in particular. 
The severest mortality occurs contemporaneously with activity 
of the muskrats on dry land, but we should be careful not to 
impute too much of the increase in vulnerability to land activity 
30 This refers merely to typical predation upon transients. June 17 
Is much the latest date recorded for mink predation upon an adult 
muskrat during the breeding season except In consequence of 
emergency. 
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alone. "Settled" and secure breeding populations of central 
Iowa ditches and streams may habitually do a great deal of their 
foraging in cultivated fields (32, 38) i and populations 'of drying 
marshes usually engage in much actIvity with slight loss from 
predation as long as water remains in the entrances of their 
burrows and lodges.81 
Progressive deterioration of intraspecific relationships within 
a drouth-exposed population may perhaps be as important as any 
single factor in predisposing breeding muskrats to lethal attacks 
by minks. Trappers and other observers tell of joint action by 
muskrats in driving away a mink, and more or less simultaneous 
response toward a common enemy may not be of infrequent 
occurrence. Whatever this may strictly be called, the rewards 
would be those of teamwork, and it is certainly to be expected 
that, as the fortunes of muskrats become increasingly adverse and 
as they individually become more irritable and desperate, their. 
social tendencies will be toward solitary instead of gregarious 
existence. Among popUlations suffering consequences of severe 
drouth during the breeding season, manifestations of unrest and 
combat vary with many things, including status of the food supply 
and the behavior and densities of transient as well as resident 
animals. Some specimens examined were in thin, cut up condition; 
others had been maintaining themselves in good flesh and with 
freedom from recent wounds. 
Minks appear to hunt in dried out muskrat habitats chiefly 
according to the attractions they find there and elsewhere. They 
tend to spend less time in areas that have become very dry if they 
have wetter hunting grounds in the neighborhood, but minks do 
visit dry areas at what seem to be irregular intervals. 
Continued presence of muskrats in such places is not the 
equivalent of continued availability to minks, however, especially 
insofar as the muskrats may be veterans in established residence. 
A 30-acre marsh northwest of Cheever Lake went dry in May, 
1939, yet was occupied as late as September by what were 
probably - judging from their adherence to definite ranges -
some of the original adults. A very few were staying in well-
known retreats by November, and the chronolgy of the "sign" 
suggested that these animals were surviving residents rather than 
the fall drifters that often temporarily take over abandoned lodges 
and burrow systems. 
VULNERABILITY OF YOUNG MUSKRATS 
TO MINK PREDATION 
Slight losses of young muskrats to minks may occur at random, 
but the young suffering conspicuous losses in Iowa .can be 
31 An example to the contrary Is furnished by the fox predation upon 
Wall Lake muskrats In the summer of 1940 (see table 7 and the dis-
cussion of intercompensation In "natural" losses of muskrats). 
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assigned to fairly well-defined categories: Young in habitats 
affected by drouth crises, those in overpopulated habitats, suckling 
litters affected by a fungus skin disease, and litters in close 
proximity to regularly used mink dens. 
N one of the first three of the above categories reflects much 
that can be recognized as primary predation. Minks are only 
one of several agencies of loss at times when marshes or streams 
go dry or when states of muskrat overpopulation exist, and the 
skin disease is itself highly lethal (41). The predation upon 
young muskrats in the vicinity of the mink dens is -strongly 
conditioned by the immaturity and helplessness of the prey. All 
of these categories of losses, and especially the first three, show 
trends that are, moreover, at least partially intercompensatory. 
Data on intensity of mink predation and population status of 
young muskrats are summarized in table 3 for all regularly 
observed Iowa areas from which series of mink scats were 
obtained. -
Although minks do not seem to frequent the deeper parts of 
wet marshes to the extent that muskrats do, their tracks, in the 
event of a marsh going dry, may be seen over the exposed bottom, 
sometimes " weeks before muskrats occur prominently in their 
diet. Responsiveness of minks to vulnerability of muskrats as 
the last water disappears from the entrances of burrows and 
lodges is exemplified by the data from Dewey's Pasture (table 
3; see also 34, p. 176). It has been brought out that adult 
occupants of dried habitats are by no means wholly exempt from 
mink predation, but. the losses of drouth-exposed young tend to 
be much out of proportion even to the usually greater numbers 
of the latter animals - not only as concerns the very young but 
all sizes up to the subadults.32 
Practically all of the severe mink predation upon healthy 
young Iowa muskrats recorded during non-emergency seasons 
has attended overpopulation of habitats by the muskrats. The 
increase of predation under these circumstances has not appeared 
to-be attributable to the mere presence of larger numbers of young 
muskrats to be preyed upon nor to any postulated attraction of 
larger numbers of minks to do the preying, but rather to the 
heightened unrest that can be observed among the muskrats 
themselves as their densities rise past thresholds of tolerance. 
Thresholds of tolerance during the breeding season appear to 
vary according to local habitats, and, while records kept over the 
years provide some idea of what may be expected for a given 
marsh or stream (37, and unpublished), there is often much 
about intraspecific relationships that our present data do not well 
32 Drouth vulnerability during the warmer months, Introduced In a 
preceding section and touched upon in other places, will be more fully 
treated in the discussion of mink predation upon late summer and early 
fall muskrat populations. 
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explain. The greater tolerance of crowding shown by populations 
in food-rich habitats (38, pp. 87-88) may, for example, simply 
reflect mellowness of disposition on the part of individuals "living 
in the midst of plenty," but it is often difficult to perceive any 
differences in the kinds and quantities of food that tolerant or 
intolerant populations may be eating. One may ask if the muskrats 
may not have toleration "traditions," in some ways comparable 
to those suggested by population behavior of bob-whites (39, pp. 
98-100). But whatever may be the unknown details of species 
psychology, muskrat overpopulations may be said to exist when 
·the animals act crowded, when reproductive effort tends to be 
damped by intraspecific friction and complications. In poor 
environment, critical population levels naturally have lower 
numerical values than in good environment, but the same symp-
toms of crowding may be witnessed: Resistance to compression 
of. territories (or of "home ranges," if that term is more ap-
propriate), driving away or killing of weaned young by both 
parents and non-parents, and careless treatment or abandonment 
of helpless young (29). As populations exceed thresholds of 
tolerance, there may also be premature termination of reproduction 
(40, pp. 166-167) and attacks upon helpless young even in their 
proper nests. 
Newly weaned to "kit" -sized young (36) have few alternative 
courses of action when forced to keep out of the way of their 
elders on an overpopulated marsh. Since the engineering ability 
of young during their second and third months (between weaning 
and subadult stages) is limited, they must live either in existent 
habitations or in such simple nests as they can improvise in 
vegetation or debris. When few habitations may be unoccupied 
by adults or currently suckling young, some of the weaned animals 
may be tolerated by the more passive adults - notably the males 
- or may live surreptitiously in the midst of the breeding ter-
ritories; others may congregate in places that for different 
reasons may remain less populated by adults. Miller's (74, p. 
28) statement, "The mobility of m!.>st species of higher vertebrates 
permits concentration of the young in the barrier regions," 
describes local reorientations on the Iowa marshes. Post-weaning 
drifting on the marshes, while generally centripetal (34, pp. 170-
171), may also be centrifugal, with numbers of young animals 
spending more time on, shore. Warwick (106, pp. 168-170) 
found that the young were much more terrestrial than, adults in 
Great Britain. 
In northwest Iowa, where the marsh edges are important hunt-
ing grounds for minks, young muskrats vis~ting or trying to live 
on shore do so at material risk. Predation upon the shore-
dwelling immature is more spectacular when the centrifugal 
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of muskrat Other evidence bearing upon 
remains in extent and nature of the 
mink feces mink predation 
In 1 or 1% 
of 93 
In 0 of 261 








In 25 or 
"52% of 48 
In 15 or 
25% of 59 
Much evidence of local over-
population 
Vulnerability of young musk-
rats appeared to be chiefly in 
consequence of their high 
densities 
Heaviest mink lJressure upon 
young muskra ts occurred in 
early July. but vulnerability 
of overcrowded and diseased 




TABLE 3 (Oontinued) 
I Muskrat populations Relative 
Estimated Relative population Incidence I st~i:k of Summer- Number range in status of for area, of muskrat Other evidence bearing upon 
Area Period resident of young maximum muskrat chiefly as remains in extent and nature of the 
breeding present by numbers of population indicated mink feces mink predation 
females winter young I by females 'I 
present at having 
one time young I 
I I 
Round May and 80 330 (from i 600 to 800 Rather low j Moderate No recog-
Lake, first half data in- (3 females nized re-
450 acres of June, eluding sex with mains of 
1936 and age young) young in 




in 42 or 
31% (see 
table 1 and 
discussion) 
Second half In 3 or Victims were helpless young 
of June, 19% of 16 from nest in close proximity 
1936 to a mink retreat (see text) 
July, 1936 Recognized Acute vulnerability both of 
remains of I shore-dwelling adults and 
young were young was due to exposnre of 
found in retreats by drouth 
only 11 or 
6% of 194 




for 36 or 
, 19% 
lIfay to 86 544 (from 600 to 800 Rather"low Moderate In 0 of 
August, data in- (3 females about 86 
1937 eluding sex with I and age young) ratios) 
~ 
TABLE 3 (Continued) 
I Muskrat populations Relative I status of 
I mink Estimated Relative population Incidence 
Number range in status of for area, of muskrat Other evidence bearing upon 
Area Period Summer· of young maximum muskrat chiefly a8 remains in extent and nature of the 
I 
resident present by numbers of population indicated mink feces mink predation 
breeding winter young bv females I 
females present at I having I I I one time young I 
Round I June, 1938 64 515 (from 600 to 800 I Low Low (1 fe· In8or7% Most victims were recently Lake, data in· male with of 110 weaned young from family 
450 acres eluding sex young) groups living near shore 
and age 
ratios) 
July, 1938 In 0 of 
about 50 
June and 200 1079 (from 1200 to High Very low In 4 or 3% The 4 representations were in ! July, 1939 data in· 1400 (apparent· of 150 scats deposited from late June 
( 
eluding sex Iy only 1 
( 
to the middle of July 





Dewey's June and 20 I Habitat 200 to 300 Moderate I Moderate In 0 of Pasture, early July, depopu· (no known probably 
392 acres 1936 lated dens with between 





itable for Middle to In 17 or Popnlation was lethally ex-
muskrats late July, 77% of 22 posed by drouth 







Little Wan II Lat~ April 7 Habitat I 60 to 80 I Low Rather No remains 
Lake. 230 \ and May, nearly heavy (1 of young in 
acres of 1937 depopu· female 73 scats, 
which lated with young but reo 
about 90 and at mains of 
were hab· least 1 adults were 
itable in large male) found in 2 
1937 and I or 3% (see about 3 table 1) in 1940 I 
-
TABLE 3 (Continued) 
I :Muskrat populations Relative I status of I 
I mink Estimated Relative population Incidence 
Number range in I status of for area, of muskrat Other evidence bearing upon Area Period Summer· of young maximum muskrat chiefly as remains in extent and nature of the 
resident present by numbers of population indiCJlted mink feces mink predation 
breeding winter young by females 
femaJes present at 
\ 
having I 
one time young I 
, I 
July to In 1 or 5% Victim was a fairly large 
middle of of 19 young that had taken up resi· 
August, dence in II drouth exposed 
1937 lodge 
April and 2 Habitat Probably Very low ! Rather In 0 of 81 May, 1940 depopu· no more heavy (1 
lated than 6 or S female 
with 
I, I I Y""~I 
June Bnd I I In 0 of 129 1 Drouth was not attended by 
early July, I I any known predation upo~ 1940 I the muskrats by minks 
00 
if:) 
Squaw June Bnd I 18 Unknown 200 to 300 Rather low Moderate In 0 of 140 No unusual vulnerability priol Creek, early July, but prob· (1 female to severe drouth in fall 
N.W. of 1939 ably not with 
Ames and much more young) 
N. W. of than 





May to 22 66 (from 250 to 300 !I!oderate Moderate In 0 of 121 A sub·crisis early summer 
July, 1940 
I 
I data in· (1 family drouth was followed by floods cluding sex of young in August 




I I I 
Cheever July, 1939 271 1518 (from I 3000 to High Low (1 fe'· In 34 or Vulnerability was largely in 
Lake, data in· 4000 male with 29% of 117 consequence of drouth (see 
282 acres cluding sex ( young and table 5) 
and age possibly 1 
ratios) or 2 adult 




















Small creek !lIfny and 
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129 to 1441500 to 700 I Moderate I (from data I 1 for parts including of marsh 
sex and that were I age ratios) I ::::~o,. 
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In 7 (not 
including 
remains of 
adult in 1 
scat) or 
5% of 129 
High (1 fe- I In 13 Or I male with 22% of 59 young and 
an un-
known 
I number of 
other adult 
animals) 
Evidently In 2 or 




High I In 0 of 80 (probably 





Other evidence bearing upon 
extent and nature of the 
mink predation 
)lost victims seemed to have 
come from a single drouth-
exposed family group (see 
table 5) 
Drouth was the chief factor I contributing to the vulner 
1"0'>;<' of "" '"=, 
I Population was lethally ex 






young muskrats was detected, 
I No mink predation upon 










and conditions for peaceful security prevail, certain individuals 
fall into unsafe habits. Virtually all of the known mink victims 
at Round Lake during the summer of 1938 (table 3) were the 
weaned offspring of three females living near about 300 yards 
of shoreline. 
Mink predation upon skin-diseased young was noted only on 
Round Lake in 1935, the year of maximum observed densities 
of both minks and muskrats for this marsh. So many young 
muskrats were dying of disease and so many of the healthy ones 
on the same part of the marsh were being eaten by minks that a 
very accurate appraisal of the possible role of disease in pre-
disposing the animals to predation seems out of the question; 
nevertheless, the predation was heaviest on the particular marshy 
areas having the highest incidence of disease rather than on the 
areas most densely populated by muskrats. As much of the mink 
pressure in this instance was centered upon young muskrats less 
than two weeks of age - hence, of helpless stages, whether 
diseased or not - it would scarcely seem probable that any dif-
ferential vulnerability could be a matter of health. At post-
weaning ages, the feeble activities and slow growth of badly 
diseased individuals that were still alive could, in effect, prolong 
the vulnerability associated with early immaturity. 
A possible explanation for the heavy mink pressure upon the 
diseased young is suggested by the adults tending to be more 
neglectful of litters born in mid-summer and. late summer - a 
period when young are often kept in low, wet nests or left in 
odd places and seem especially apt to become infected (41). 
Water-soaked litters, diseased or not, are naturally less com-
fortable than those that are better cared for and at times are 
heard complaining in a manner that could attract attention of 
enemies. What appears to be selective mink pressure might 
therefore be a response not so much to the disease itself as to 
the careless treatment parent muskrats give late litters, which, 
incidentally, are more exposed to infection than are the early-born. 
At Round Lake in 1935 the proximity to occupied muskrat 
habitations of five sets of mink dens with females and young 
probably increased the losses of young muskrats to minks, for 
some of the lost litters were kept practically "on the doorsteps" 
of the mink dens. 
One of the clearest cases of this type of predation concerned a 
litter of six Round Lake young quartered in the farm junk pile 
earlier mentioned. The young were six days old when last seen on 
June 17, 1936, and the mink was living in its favorite retreat about 
four feet away. At the next visit, June 20, the young were 
missing from the nesf., and the freshest mink feces contained 
teeth, claws, and other remains of muskrats of about one week 
of age. During the breeding season of 1936, developmental data 
on nearly all litters of muskrats born on Round Lake were 
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obtained and the locations of the litters were plotted on a map 
(27). Only five other litters of ages comparable to the litter 
in the junk pile were currently recorded for the 11?a~sh under 
conditions favorable for accurate study, and the vIctims were 
known not to have come from these, so there should be little doubt 
as to the identity of the remains found in the feces. - .. 
The addition of a fifth major category of vulnerablhty of 
young muskrats to predators - that of exposure through floods 
- would probably be justifiable, but few north-central data on 
losses from this cause are available. 
In 1935 and 1938 rising water levels on northwest Iowa marshes 
resulted in observed drownings of young in the chambers of 
lodges and also some lethal shi fting of litters. "The tops of the 
larger lodges may offer reasonable safety [from drowning] to 
litters evicted from the chambers by flooding, but it by no means 
follows that the adults will place the young there during emer-
gencies. The young may be distributed wherever the adults may 
chance to put them, and there they may remain unattended for 
hours, partly covered by wet, coarse vegetation, even wholly 
exposed, or lying" in water of sufficient depth to drown some -of 
them" (29). Such conditions would give excellent opportunities 
to predators. Smith writes of muskrats evicted by a Maryland 
coastal flood: "Birds of prey and other predators found it easy 
to take a heavy toll of the animals while they were exposed 
without houses. Four young muskrats were found in a nest on 
the ditch bank of the Gibbs marsh, victims of a weasel that had 
sought shelter there" (93, p. 5). 
Effects of an August, 1940, flood on central Iowa muskrat 
populations were studied, particularly on Squaw Creek where the 
season's productivity was cut approximately in half. The larger 
young, including subadults, were found moving to the uplands and 
congregating in corn fields, in which places they seemed to get 
along fairly well, despite an obvious initial unfamiliarity with 
their surroundings. Most families of flooded-out smaller young 
that were not drowned or carried away by the current gained a 
prec~rious refuge on parts of banks protruding from the water, 
lodged debris, etc. Two families living in bank holes just above 
the water level were watched at close range and, as about all 
these could do at my approach was to bob up and down, their 
essential vulnerability was apparent. The known predation was 
light, remains of subadult muskrat (judged to be of a single 
individual) having been found in two of 26 mink scats, but, 
under the circumstances, much eviderice niay have been over-
looked or lost. 
Irrespective of gross dissimilarities, floods introduce into the 
lives of muskrats crises that are in many ways comparable to 
those resulting from drouths, and comparably increased losses from 
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secondary predation may be expected. The intercompensatory 
nature of such emergency losses of young muskrats, as well as 
losses through intraspecific strife, disease, and predation, must 
properly be considered in an analysis of population recovery, but 
further discussion is reserved for a later section. 
MINK PREDATION UPON LATE SUMMER AND EARLY FALL 
MUSKRAT POPULATIONS 
Iowa muskrat populations that were living under non-
emergency conditions did not suffer a great deal of. predation 
from minks in late summer and early fall. Table 4 summarizes, 
for this time of the year, all Iowa data having statistical value 
and practically all data revealing any mink predation whatever 
upon muskrat populations of known densities. It is to be expected 
that "kits" and subaduIts wandering cross-country during "nor-
mal" as well as emergency years (36, 37) will be subject to 
considerable predation, but, the interval between the end of the 
muskrat breeding season imd the pre-winter adjustments being 
one of minimal friction (37), the vulnerability of transients is 
less likely to be increased by attacks of their own kind. 
When crises are precipitated by drouth, flood, or other cause 
- and particularly at times when strange muskrats are not 
tolerated by animals already established in habitable environment 
- transients may congregate vulnerably about the shores of 
lakes and marshes or continue their overland drifting. Often, 
indeed, losses may be severe about bodies of water that are 
maintained at levels satisfactory for muskrats, but the clearest 
evidence indicates that most of the mink pressure is centered upon 
muskrats that are newcomers or do not "belong" rather than upon 
those living peaceably within familiar ranges. 
Predation in late summer and early fall upon drouth-exposed 
animals does not differ importantly from mid-summer predation 
under like conditions, except insofar as "kit" to subadult sizes 
may not be such easy victims as young less than two months of 
age. Adults still remain relatively secure despite drying of their 
habitats, principally by virtue of their greater individual formid-
ability and experience and the advantages accruing from their 
propensity to stay at home. 
A~though the last surviving muskrats in a dry marsh consist 
largely of adults, imma~ure individuals. may also be found, 
including some that are so undernourished, chewed-up, diseased, 
or otherwise subnormal that their continued survival can be 
credited in good measure simply to failure of minks to find 
them.33 This may be due in part to minks leaving to hunt more 
33 The young that cohabit lodges and burrows with adults probably 
derive thereby a certain Incidental protection from other species, as 
long-dry lodges dug out for investigative purposes In late summer often 
yielded from one to three specimens of partly grown young In close 
association with either adult males or females. 
TABLE 4. MINK PREDATION UPON MUSKRATS IN LATE SUMIIIER AND EARLY FALL. 
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In 3 or 8% 
of 38 
In 2 or 5% 
of 37 
In 1 or 
14% of 7 
In 0 of 76 
In 4 or 
19% of 21 
In 0 of 81 I 
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-- --
Other evidence bearing UPOIl 
extent and nature of the 
mink predation 
-
There was considerable gen· 
eral evidence of overpopula· 
tion 
Much evidence of local ovel 
population 
Overpopulation phenomena 
were very pronounced earliE 




Period of acute local vulne: 
ability because of drouth ha 
passed by late summer 
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most of the mink pressu, 














































TABLE 4 (Continued) 





















maximum Relative for area.. 
post- status of chiefly as 
breeding muskrat indicated 
densities, population by females 
adults and f0r area having 
young young 
700 Low 
1800 I High 
Possibly 30 Originally 

















ly only 1 
indi vid unl) 








In 5 or 6% 
of 89 
I In 4 or I 11 % of 35 
I In 0 of 92 
I 
In 3 or 
60 Of. of 5 
Other e,-idence bearing npon 
extent and nature of the 
mink preda tion 
Victims were approximately 
half-grown animals from about 
the same shore-frequenting 
family groups as those suffer-
ing earlier predation (see 
table 3) 
The 4 representations included 
remains of at least 2 indi-
viduals of adult appearance 
Mortality of drouth-exposed 
adults (wanderers and resi-
dents of peripheral ranges) 
from various causes was se-
vere but apparently more Ol 
less independent of mink pre-
dation . 











Little Wall September 7 
Lake. 230 and Octo· 





1937 and Late sum· 0 
about 10 mer to 
in 1939 October. 
1939 
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In 0 of 56 Decline of the population fol· 




In 0 of 22 Muskrats in temporary resi-
dence were evicted by drouth 
I 
In 0 of 10 A sub·crisis drouth seemed to 
bring about no particular 
mortality 
In 5 or 5 % I Each representation was of 8 
of 94 different victim -1 adult and 
4 young - killed as droun 
conditions became acute 
In 1 or 3% I 




TABLE 4 (Continued) 
I I Muskrat populations I 
I I 
Estimated 
Area Period Summer· Number maximum Relative 
resident of young post- I status of breeding raised by breeding , muskrat females winter I densities, population ndults and for area yOUD2' I 
I I Unknown Squaw September 18 300 Moderate 
Creek, to middle but prob· 
N. W. of of Novem- ably not 
Ames and ber, 1939 much more 
N.W. of than 





Late 22 66 (from' 300 Modernte 
August to data in· 
October. eluding sex 
1940 and age 
ratios) 
I 
Keigley's I Late Octo· S 50 (from 80 I Ra ther high 
Branch, ber nnd data in-
S.W. of November, eluding sex 
Story City. 1938 and age 
l·mile ratios) 
stretch 
Late Octo- S or 6 
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for area, of muskrat Other evidence bearing upot 
chiefly as remains in extent and nature of the 
indicated mink feces mink predation 
by females I 
having 
young I In 0 of 22 ~foderate A fall drouth resulted in con· (1 female siderable undifferentiated loss 
with 
young) 
In 2 or 8 % I Both representations were ap· Moderate 
(1 family I of 26 I parently of the same indio 
of young vidual - a subadult killed at 
known) a time when large numbers 
of animals were evicted by 
August floods 
Moderate In 1 or 
14% of 7 
Moderate In 2 Or Vulnerability was in eonse' 
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S. E. of September, 
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Number maximum Relative for area, 
of young post· 
I 
status of chiefly as 
raised by I breeding muskrat indicated 
winter I densities, population by females adults and for area I having young I young 
I 1518 (from I I 3500 High I Low (1 fe· data in· male with 
eluding sex young and 
and age possibly 1 
ratios) or 2 ndult 
males) 
Habitat 400 Low Low (1 fe· 
almost male with 
completely young but 







129 to 144 300 Originally High (1 fe· 
(from data moderate male with 
including for the young and 
sex and habitable an unknown 
age ratios) parts of number of 
the marsh other adult 
I 
animals) 
5 to 8 I Possibly 10 I Rather low I High (probably 
a female I with young) 
, I I 
I 
I 
Incidence I Other evidence bearing upon 
of muskrat extent and nature of the 
I remains in mink predation 
I 
mink feces I 
I 
I 
In 47 or I Drouth vulnera bili ty was 
55 % of 85 locally acute (see table 5) 
I 
I 
In 25 or. I Drouth·exposed and concen~ 
9 % of 273 trated groups were very vul· 
nerable (see table 5) 
I I . 
In 13 or ! Late summer rams brought 
22% of 59 relief from a lethal drouth 
I 
I I In 0 of 16 i No known mink predation 





profitably elsewhere before all of the drouth-vulnerable young 
are killed; -more often, it seems that the minks remain as long 
as young muskrats last but that the mathematical chances of 
predators, in random searches, finding a few prey animals 
diminish to the point that rarity alone affords protection. 
When the searching is specifically directed toward muskrats, 
the young may be virtually annihilated from given areas in the 
space of weeks, though the adult populations may remain essen-
tially intact. This has been observed locally at Cheever Lake in 
1939 and Wall Lake in 1940. Never, however, have I known 
minks to exert nearly the selective pressure that Dr. T. G. Scott 
and I observed on the part of a family of red foxes systematically 
hunting muskrats on dry Wall Lake in the summer and early fall 
of 1940 (MS). The foxes were so efficient at catching the 
young muskrats before the water disappeared from burrow 
entrances that the minks found few vulnerable to them until the 
foxes ceased working the marsh. After departure of the foxes, 
the minks followed their usual pattern of response to vulner-
ability of the muskrats as the surface water disappeared. A 
tendency of the minks to avoid certain areas of the marsh during 
the period of regular hunting by foxes did not, so far as we 
could see, affect the loss rates of the muskrats. The inter-
compensatory aspects of the foxes superceding the minks as 
muskrat predators will be discussed in more detail later. 
One of the most thorough of our studies of drouth vulnerability 
in relation to mink predation was carried on at, and in the 
vicinity of, Cheever Lake, summers and falls, 1939 and 1940. 
In table 5 the changes shown by local areas are traced by to-day 
to monthly intervals, with notations added to explain the nature 
of the known predation. To a large extent the trends indicated 
are perhaps what the reader has by now come to expect, but the 
situation for October and November, 1940, has points of interest 
that require further exposition, particularly in that they illustrate 
analytical pitfalls. 
By October 21 the bottom of the main marsh was exposed 
except for an area not in excess of six acres, where the lodges 
still in use were pretty well concentrated.M Nearly all of the 
surface water had disappeared by the evening of October 22, an 
unseasonably warm day. Heavy rains the last few days of 
October brought the water of the marsh back to about its late 
summer level, and there was no reason to think that the status 
of the central remnant of the muskrat population differed much 
from what it had been just before the marsh went dry. It was 
demonstrated early in November, however, that the main marsh 
M This concentration appeared to have taken place wIth due regard 
for "property rights." Currently occupIed lodges were situated In the 
apexes of regular territories or home ranges after the animals had 






TABLE 5. MINK PREDATION AND LOCAL VULNERABILITY OF MUSKRATS, CHEEVER 
LAKE. SUMMERS AND FALLS, 1939-40.· 




Approximate I Part of- Water conditions density of local muskrat reo Other evidence bearing upon the extent ares·· in local muskrat mains in and nature of the mink predation 
r 
muskrat habitat population mink feces I 
Main marsh I Periphery exposed Possibly over 15 No feces 
I in a few places per acre 
! 
Much periphery Abou t 8 per acre In 11 or 24% Most fecal remains were of young muskrats 
Northeast exposed or dry of 46 that were evidently taken from a drouth· 
marsh exposed family group 
Center with sur· From 12 to 15 In 0 of 28 
face water per acre 
Northwest I Well covered with I Possibly about 12 No feces 
marsh I shallow water per acre 
r 
Main marsh Periphery dryin" Possibly between In 1 of 1 I One partly eaten carcass of a young less 
with exposure of 15 and 18 per than a month old was found at a drouth· 
some territories acre exposed peripheral lodge 
Northeast Nearly all of bot· From 10 to 12 In 14 or 44 % I Carcasses of 5 victims found were of young 
marsh tom exposed or per acre of 32 I between 6 and 10 weeks of age; the musk· 
dry I rat representations in the mink feces were I likewise of young animals. All had ap' 
parently been killed in a small area where 
I the muskrat families had heen exposed by 
I drouth 
Northwest Surface water Possibly about 12 In 2 of 2 lone mink·killed victim less than a month 
marsh nearly all gone per acre 
- \ 
laId was found near a dry lodge 
I 
• For this area during the periods referred to, the number of mink scats found locally appears to reflect the choice of the minks 
with respect to hunting grounds. . 
•• The northwest marsh was dry and not regularly used either by muskrats or by minks in 1940, hence is omitted from the table 
for that year. 
~ 
o 
TABLE 5 (Continued) 
I Approximate Incidence of 1 Period Part of Water conditions density of local muskrat re- Other evidence bearing upon the extent area·· in local muskrat mains in I and nature of the mink predation muskrat habitat I population mink feces I 
Late July, Main marsh Water level con- ) From 12 to 15 I No feces 1939 tinues to go down, per acre 
with recession 
from shores 
Northeast Entire bottom ex- From 10 to 12 In60r75% One victim of about 6 weeks was found in 
marsh I posed or dry per acre of 8 a dry lodge 
Northwest Shallow water in 7_1 per acre (fair- No feces I marsh a very few places Iy exact figure) 
First half Main marsh Some rise of water From 13 to 16 No feces I 
of August, level from rains per acre I Some peripheral families still were drouth-1939 Northeast Still fairly dry, S per acre (fairly In 2 or 50% 
marsh despi te rains exact figure) of 4 ( exposed and vulnerable, but most victims 
Northwest Very shallow 4.5 per acre (fair-
were young probably killed in a dry pas-
No feces sageway between the northeast and the 
marsh water over much Iy exact figure) northwest marshes 
of bottom after I rains 
~ 
...... 
Second half Main marsh Mid-summer level In 5 or 83% Probable mink-killed young of 5 weeks 
of August, partially restored of 6 found on shore 
1939 by rains All densities about 
the same as for 
Northeast Moist periphery the first half of In 6 Or 46% Most of the mink victims were evidently 
marsh and somo surface August of 13 taken from dry passageways between the 
water in middle northeast and northwest marshes and be-
after rains tween the northwest and the main marshes 
at 8 time when considerable numbers of 
Northwest WeH covered with In 4 or 80% "kit" and subadult muskrats were engaged 





























Water level about 
the same 8S in the 
middle of July 
Some surface 
water in the 
middle 
Rather well-
covered with very 
shallow water 
Periphery becom-






very wide in 
places 
TABLE 5 (Continued) 
Approximate 
densi ty of local 
muskrat 
population 
All densities about 
the same as for 
August 
About 12 per acre 
Perhaps 2 per 
acre 
Perhaps 1_5 per 
acre 





In 0 of 6 
In 0 of 1 
In 1 of 1 
In 4 or 44% 
of 9 
In 8 Or 57% 
of 14 
No feces 
In 8 or 67% 
of 12 
Other evidence bearing upon the extent 
and nature of the mink predation 
Limitations of data may give a false im-
pression of security of these animals for the 
first half of September; there is no reason 
to believe that mink pressure upon musk-
ra ts was materially less than in the second 
half of August, with the proportion of 
young victims probably declining as their 
la te summer reorienta tion progressed and 
the proportion of adult victims rising as 
more of these animals left familiar, es-I tablished ranges to wander and fight 
I Wanderers, including strife-torn adults, eon-
gregated about the periphery-adjoining pas-
sageways from other marshes; near the dry 
I northwest marsh, the temporary density re-
I suiting from massing reached 30 muskrats ! per acre on a 5-acre tract, and this was 
accompanied by pronounced intraspecifia 
unrest. 
1 Typical predation upon drouth-exposed 
populations 
Two victims ("kit" and subadult) found 
I _____________ 
Victims were to a large extent battered, 
wandering adults on shore 
~ 
TABLE 5 (Continued) 
Approximate \ Incidence of Period Part of Water conditions densi ty of local muskrat re- Other evidence bearing unon the extent 
area·· in local muskrat I mains in and na ture of the mink predation muskrat habitat population mink feces 
Northeast Very dry I 1. 2 per acre (fllir- In 1 or 33% The one representation was of a Ukit" 
marsh IIY exact figure) of 3 
Northwest Very dry 1.1 per acre (fair- In 3 or-75% Most victims were probably wanderers and 
marsh Iy exact figure) of 4 included a "kit" 
I 
I I General water I November, Main marsh ; 8.4 per acre (fair- In 5 or 71% I Predation seemed to be largely centered 
1939 I level low, with Iy exact figure) of 7 upon wandering adults on shore 
much exposed 
periphery 
Northeast Very dry 1.2 per acre (fair- No feces I Dry marsh population remnants (consisting 
marsh I Very dry Iy exact figure) about 50 % of adults) suffered little loss I from minks during the month Northwest 1.1 per acre (fair- No feces ! marsh Iy exact figure) I 
~ 
"" 
I I Most victims seemed to have come from a July, 1940 Main marsh ) General water Probably some- I In 7 or 5% level low as the thing over 2 per of 128 I single drouth-exposed family group 
result of con- uere 
\ Victim was Il large young 
tinued drouth 
Northeast Very dry Not much more I In 1 of 1 
marsh than 0_5 per acre I 
I 
I 
Augus t. 1940 Main marsh I Water level grad- In 0 of 114 
ually going down All densities about 
the same as for 





TABLE 5 (Continued) 
I 
I I Approximate I Incidence of 
Period Part of 'Vater conditions density of local l muskrat re- I Other evidence bearing upon the extent area·· in local muskrat mains in and nature of the mink predation muskrat habitat population mink feces I I 
I 'Vater level stead-I Probably' not I In 2 or 5% I September, Main marsh I Some badly situated family groups appeared 1940 iIy going down much more than 1 of 43 I to have been cleaned out by minks 
with exposure of per acre I 
much bottom I . 
I Northeast \ Very dry l About 0.3 per acre! No feces marsh 
October, Ma in marsh Bottom became Possibly about 1 I In 23 or 23 % I There was very heavy mink pressnre upon 
1940 entirely exposed per acre before of 98 I drouth-exposed lind concentrs ted groups 
in In tter pa rt of abandonment I I just before virtual abandonment of the 
month I marsh by the muskrats; abandonment, how" 
ever, may be ascribed more to food short-




Northeast Very dry 
marsh 
0.3 per acre No feces I I (exact figure) 
November, j Main marsh In 0 of 18 I November muskrat population consisted al· 
1940 I I most entirely of wanderers; 3 possible mink ! victims were recorded 
1 ; Northeast No feces I marsh (exa"ct figure) 
865 
was almost completely depopulated, with the few muskrats present 
being obviously transients. N early all lodges showed intrusion 
by minks during the first part of November, but the flooded 
chambers and lack of repair work revealed that the lodges had 
been abandoned before the water came back, during or immediately 
after the final exposure of the central marsh bottom, about 
October 22. 
Similar mass abandonment of marshes occurred on a consider-
able scale during the fall of 1940 in a group of northwest Iowa 
counties and seemed due to food shortage in specific habitats 
rather than to disappearance of surface water. In contrast, the 
food-rich northeast marsh at Cheever Lake had been dry since 
spring, yet three pairs of muskrats had settled there, reproduced, 
and were living with nine young until collected for examination 
as a population group in the middle of November, at which time 
the animals showed all indications of attempting to winter where 
they were.35 
The relationship between minks and such late-moving muskrats 
as those leaving the main marsh of Cheever Lake is itself of 
interest but may best be treated as a winter phenomenon. 
MINK PREDATION UPON WINTERING 
MUSKRAT POPULATIONS 
Naturally, one of the most spectacular types of winter mink 
predation upon muskrats takes place in dry or nearly dry marshes, 
although the severity of the muskrat losses from other causes 
may make the relationship of minks less that of predators than 
of scavengers. Vulnerability to enemies of north-central muskrats 
during low-water winters is conditioned importantly by access-
ibility of food. Freezing of a shallow marsh to the bottom is 
not necessarily a lethal handicap to the resident muskrats so long 
as they can find food in soft mud underneath the frozen strata; 
if forced to venture forth to feed on the surface, their ways of 
living may become extremely hazardous, especially in the absence 
of protective snowdrifts (34). 
In this connection, an analysis of winter mink predation upon 
drouth-vulnerable muskrats must not neglect the wanderers. The 
latter· include many adults, which, being among the last to 
abandon their regular home ranges in dried-up streams and 
marshes, are at a serious disadvantage in trying to establish 
themselves in new environment at this time of year and are 
usually the worse for hunger, weather and wounds. Winter-
wandering is by no means restricted t6 adults, as it is induced 
35 The Instances given In the last two paragraphs, extreme though 
they are, should not be wholly unexpected, In view of the typical be-
havior of the animals on smaller land units. "As a habitat goes dry In 
fall, muskrats remaining are far more particular to· establish winter 
quarters In those portions of their home ranges having a good food 
supply than In places having perhaps more water but scant food" (34, 
p.179). 
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Fig. 12. The better sort of lake shore muskrat habitat to be found In 
eastern South Dakota a nd northweste rn Iowa, with fringing growths 
of bulrushes and fairly p e rmanent burrows in the banks. Lodge s (as 
the one dimly visible to the left) are built In varying numbers but are 
usually abandoned in favor of the bank burrows early in the winter. 
by anything evicting populations or promoting intraspecific strife. 
Cripples escaped from steel traps are often conspicuous among 
both the obviously transient and the mink v:ctims. 
The amount of snow-tunneling by muskrats to be seen about 
. north-central watercourses, marshes and lake shores is often a 
fair indicator of winter vulnerability. Winter-wandering was 
pronounced in the vicinity of Cheever Lake following the dry 
autumn of 1939, and, when the snow melted in the spring, many 
nests of wanderers were exposed along a road-grade about half 
a mile from the marsh. In northwestern Iowa and eastern South 
Dakota the lake shores in particular are the final refuge of the 
transients of late fall and early winter, and wintering populations 
in these habitats may in some years seem to consist as much of 
latecomers as of regular residents. 
Figure 12 depicts the better sort of lake shore habitat - with 
long-established sets of burrows and a fringing growth of 
bulrushes - but, even under such conditions, the muskrats may 
not be very favorably situated for winter. Along the rockier and 
wind-swept stretches of lake shore, habitability for muskrats 
may be much inferior, but ice · heaves (fig. 13) may allow 
wanderers a precarious access to bivalves, frogs, and fishes on 
which they may attempt to subsist (30; 38, pp. 78-80). Thaws 
may expose intricate systems of tunnels in snowdrifts and ice-
heaves, feeding debris, and nests, all showing evidences of from 
a few days to weeks of use. To an unknown extent this activity 
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may also be a manifestation of intensive food searching on the 
part of insecure residents as well as of wanderers. 
The best observations on snowdri ft activities of muskrats were 
made about the Big Sioux River and the Oakwood and Tetonkeha 
Lakes of Brookings County, South Dakota, during the winters, 
1921-23 and 1925-28. Many of the tunnels seemed to be merely 
Fig. 13. Ice-heaves, Tetonkeha Lakes, east-central South Dakota. 
attractive both to minks and to winter-wandering muskrats. 
A. Shoreline. 
B. Peninsular gravel bar. 
868 
adjuncts to bank burrows, hence probably the work of resident 
animals. Others were plainly temporary retreats of transients. 
Others were apparently made by individuals first living in 
residence and later abandoning their quar.ters to journey about 
the countryside and perish. . . 
From notes of the winter of 1926-27 may be pieced together 
the following case history. Soon after I had made camp near 
one of the Tetonkeha Lakes in December and had chopped a hole 
in the lake ice for a source of cooking water, a muskrat began to 
take advantage of the shelter .afforded by the snow-heaped 
wooden box used to keep the hole open. Throughout the ·greater 
part of January, what was almost certainly a single individual 
continued to sit and feed under the box, despite successive moves 
of the box to new water holes as the old ones became littered 
with stones, sticks, and bloody remnants of aquatic prey. After 
several weeks the muskrat was no longer using the box. About 
this time, late January, an animal came out from beneath the 
edge of the ice at the lake shore. On the last day it was seen 
alive, the muskrat ran along the lake shore for about a quarter of 
a mile and returned to enter the ice shelf at the place where 
it had come out. A few days later, the animal was found dead 
under the shelf, and the evidence revealed that it had been unable 
to return to the water; its original passageway had been frozen 
or cut off by the creep of the ice. The feeding bed under the 
ice had food on it, and the victim (the carcass of which was 
intact and in fair flesh) had all appearances of having succumbed 
to cold. 
Despite . the high degree of unpredictability in the winter 
movements of minks in a given locality, these animals may now 
and then be found living in essentially the same place for weeks. 
Marshall (67, p. 385) reports, from work in southern Michigan, 
1934-35, "that females tend to remain within a restricted area, 
and in cases studied the extent of their territory did not exceed 
20 acres" - a conclusion in keeping with many observations 
in Iowa and South Dakota. Severe weather may cause even the 
conspicuously mobile males to stay in the vicinity of a large 
snowdrift along a river bank or lake shore, in muskrat lodges or 
burrows, and in miscellaneous land retreats. As a rule, the 
favorite lake shore quarters of the minks are much the same 
spring holes, ice-heaves, and drift tunnels that are so attractive 
to wandering or hungry muskrats, and thus minks sooner or 
later get around to a large proportion of the places where insecure 
muskrats try to live. 
While predation under these circumstances should be expected, 
it is rather astonishing how long minks and muskrats may "live 
together" in crowded snowdrift quarters. " ... in places where 
minks and muskrats . . . were using the same water holes and 
feeding beds under the ice heaves and snowdrifts, muskrats were 
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frequently known to feed upon the fishes and frogs heaped about 
by the minks. In one lakeshore snowdrift situated oyer a spring, 
frozen yellow perch . . . three to five inches in length, were 
packed along the main tunnel and in side openings for a distance 
of many feet; in connecting tunnels that ran high up on the 
bank were heads of large bullheads. Snowdrift .tunnels . . . 
contained masses of mink-piled frogs - hundreds in single 
tunnels near plunge noles ... " (38, p. 79). Often, when 
common use by minks and muskrats of a snowdri ft retreat may 
be less spectacular, both species may for extensive periods at 
least share the same sets of plunge holes. 
Differentiation of transient from resident muskrats, and poorly 
from fairly well situated residents is so difficult as to make quite 
impossible clear recognition of the past status of many of the 
mink victims found in snowdrifts. The case histories that have 
been studied under conditions favorable for analysis suggest that 
a muskrat's chances for survival are conditioned notably by how 
long the animal has been in residence and by how comfortably 
it lives. In short, the most secure muskrats in north-central 
states appear to be those that have to move about least during 
the winter months. At one extreme we have the ditch-dwelling, 
corn-storing popUlations of central Iowa, which "may winter at 
high densities and with so much security that they do not 
have to emerge from very restricted subsurface retreats in cold 
weather" (38, p. 84) ; at another, we have the sorry and bewiltlered 
vagrants, In intermediate categories we have hungry residents 
that have to get along most of the winter as well as they can on 
inferior diets (38, pp. 77-82) ; the animals, well-fed to start with, 
that run short of food before spring; and those that "establish 
themselves in new quarters too late in the fall to make adequate 
preparations for cold weather" (34, p. 180). 
Muskrats in the latter class may commonly be met with about 
north-central streams, particularly in winters following the large-
scale autumnal drifting that may result from low water levels. 
These animals may not always be desperate but they often feed 
on bank vegetation under cover of snow (fig. 14) or come out 
to forage on land during thaws. Although their way of life 
is not necessarily lethal, muskrats engaging in this kind of 
activity tend to suffer conspicuously through depredations of 
minks. 
A most difficult type of m:nk predation to appraise has been 
that upon well-situated populations of wintering muskrats. 
Irrespective of unanswered questions as to exactly how adequately 
nourished and secure muskrat populations of "given lakes and of 
wooded and pasture-bordered streams may be, wintering con-
ditions for resident muskrats are certainly excellent in some 
habitats; and, in the best of habitats, a variable amount of mink 
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predation may still take place, which predation is far from 
wholly restricted to wanderers, hangers-on, trap cripples, or to 
the discernibly restless or harassed." Mink victims from superior 
habitats are generally subadult or maturing animals, of which 
many partly eaten carcasses examined were in good flesh, normal 
in appearance, and had nutritious foods in their alimentary tracts. 
Fig. 14. Evidences of insecurely situated 
stream-dwelling muskrats foraging on the 
ground unde r cover of snowdrifts. 
A. Melted cavity in remnant of drift marks 
the location of a main retreat of the animals 
that did the digging for plant material con-
spicuously visible over the water. 'Vhen 
having access to an abundance of ear corn 
stored in th e ir burrows, populations have 
been known to winter at high densities along 
similarly small central Iowa watercourses (espe cially drainage ditches) with scant 
external sign of their presence. 
B. The site of a big drift. In the back-
ground may be seen a network of muskrat 
trails and diggings that, exce pt for size, bear 
a resemblance to those of meadow mice. 
The hole to the left of the head of the 
shadow is the upper opening of a short 
tunnel leading to the water of a brook; a 
grass-lined nest was located at the lower 
edge of the diggings. 
Included in table 6 
are data relating to 
six local situations 
c h a r act e r i zed by 
heavy mink predation 
upon muskrats living 
in excellent habitats. 
In all of these in-
stances, high densities 
of the muskrats them-
selves appeared to be 
the major factor pre-
disposing the m to 
predation losses; in 
two instances 
there was reason to 
suspect that a slight 
degree of overpopula-
tion existed. 
At such times, the 
local minks lived al-
most exclusively on 
muskrats. Most of 
the muskrats t h u s 
eaten seemed to have 
been mink-killed (in 
contrast with car-
casses of those dying 
chiefly from intra-
specific wounds, hun-
ger and cold, as on 
dry marshes), and 
the average rate of 
consumption d e t e r-
mined was close to a 
muskrat per mink per 
week. Carcasses were 
typically consumed in 
entirety except for 
the contents of stom-
ach and intestines, 
the larger bones and 
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scraps. Good hunting was occasionally reflected by incompletely 
eaten remains of several muskrats in a favorite mink retreat, but 
at no time, either in connection with research or earlier trapping, 
have I found mink-killed muskrats piled uneaten in the dens. 
though no doubt this occurs under circumstances conducive to 
easy killing. 
Aside from the responsiveness of mink predation to over-
populations of wintering muskrats, there are some indications 
that increasing tensions within muskrat population groups as the 
breeding season approaches may have a strong if indirect influence 
on the severity of the losses suffered from midwinter to spring. 
Sexual maturity may be fairly advanced in some young muskrats 
by January in central Iowa, and a few of these have been observed 
in cross-country movement weeks before the main spring dispersal 
(37, pp. 174-177). An impression to be gained from the South 
Dakota trapping observations and from a few pertinent data from 
Skunk River and Round Lake is that local mink pressure may 
increase with activities due to sexual awakening of the muskrats. 
I have long suspected that most of the actual killi~g of muskrats 
by minks in winter is done by a relatively small number of 
individuals - notably by large males36 - and that their "leavings" 
furnish the greater part of the food of many other muskrat-
eating minks. 
Authentic details of the out-of-sight predation by minks upon 
muskrats wintering in lodges and bank burrows are indeed rare, 
though repeated in trappers' conversations are accounts as to 
how minks lie in wait in muskrat chambers to seize victims as 
they climb out of the plunge holes. Possibly that is what happens 
but, in view of the unlikeliness of anyone witnessing such attacks, 
it may be questioned that the accounts are much more than 
conjectures based upon the familiar mink habit of "boring" into 
muskrat lodges and the not uncommon finding of carcass remains 
within. 
Entrance of lodges by minks is itself subject to gross mis-
interpretation and as a criterion of mink pressure is almost always 
overrated by trappers. To the evidences of such entrance may 
be attributed in good measure the popular supposition that a 
mink may "clean out" a whole colony of otherwise secure winter-
ing muskrats - a supposition not borne out by any reliable data 
known to me. 
In short, minks may enter through tops and sides of occupied 
and abandoned lodges, alike. Openings in the "live" lodges may 
be neatly and promptly plugged by the muskrats maintaining 
residence despite invasion of their quarters, whereas mink holes 
86 It is claimed by trappers in northwest Iowa that female minks 
may be the "worst killers" of Wintering muskrats, once they "get 
started," but I have never run across any evidence substantiating 
this view. 
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Other evidence bearing upon extent and 
nature of the mink predation 
Most of the feces containing muskrat reo 
mains were found about shallow-water 
lodges' taken over by minks. 
The fecal material, which was found in a 
snowdrift tunnel used by apparently a single 
medium-sized mink for between 3 and 4 
weeks, consisted of remains jndged to re-
present about 3 muskrats; the victims 
seemed to have been taken from a con-
centrated local population. 
'Vintering losses were severe, generally, 
from human as well as "natural" agencies; 
much wastage was thought to have occurred 
as a result of illegal spearing through the 
lodges. Most of the mink feces were found 
about 2 muskrat lodges taken over as dens. 
In all of 8 I The water of the marsh was shallow and 
frozen to the bottom before the winter was 
over. This did not result in drastic mar· 
tality, though living conditions for many of 
the muskrats were doubtless unfavorable. 
There was also some winter-wandering. 
In 0 of 160 I Minks killed or ate several muskrat.s in the 
traps of the state trappers, but the general 
wintering population of muskrats appeared 
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875 
in the "dead" lodges may be conspicuously apparent throughout 
the· winter. To be sure, hardly a lodge in whole colonies may 
remain with muskrat occupants all winter, and the unrepaired 
mink diggings plus the variable numbers of muskrat carcasses 
more or less eaten by minks may give the aspect of annihilative 
predation; but, as happened at Cheever Lake in the late fall of 
1940, large-scale abandonment of lodges is very likely to precede 
the mink digging. 
Abandonment of extensive tracts of lodge-covered marshes 
need not have the population significance that it had at Cheever 
Lake in 1940, however. Great numbers of the smaller lodges 
even on well-populated marshes may be allowed to freeze in the 
course of a winter, with the resident animals maintaining them-
selves in fewer but more satisfactory habitations. There may 
also be by midwinter an essentially unoccupied shallow zone 
around a marsh, after withdrawal of .shallow-water muskrats 
to the bank burrows, and this zone may contain hundreds of 
mink-opened lodges yet show no unusual evidence of muskrat 
mortality. The lodges built in the rushy fringes of open water 
Iowa and South Dakota lakes are typically of flimsy construction 
and are abandoned by their occupants for bank burrows soon 
after the ice thickens. In March, 1927, following a three-winter 
closed trapping season when the early spring population of 
muskrats in the Oakwood and Tetonkeha area was at a high level, 
approximately 100 large lakeshore and shallow marsh lodges were 
opened for examination, and, of these, only two were found to 
be in use. N either of the used lodges was in water that had 
been less than 3 feet in depth at freeze-up. 
Nothing in this discussion implies that many muskrat habita-
tions are not abandoned directly because of mink invasion, but 
the consequences thereof to the muskrats should not be assumed 
to be more serious than they are. Well-established muskrats 
may have a variety of alternative living quarters, and withdrawals 
from some are easily possible without necessarily any lethal risk. 
It is often apparent that the muskrats· abandon less desirable 
lodges after entrance of minks much as they abandon the loosely-
built or the shallow water structures· with the coming of midwinter 
cold and that their adjustments in this respect fall within the 
ordinary range of adaptability of the species. On good wintering 
areas intensively studied, the muskrats did not seem to be forced 
to retire before the minks to the point of critical disadvantage 
and, on such places as the wetter parts of Wall Lake in 1939-40, 
where minks were very abundant (table 6), demonstrated an 
unquestionable ability to hold, with security, the important 
dwelling lodges.3f 
3f The reader should be careful about drawing analogies between 
mink aggressions and any save the milder types of disturbance of 
habitations from human exploitation. Compared with wholesale chop-
ping Into lodges by trappers and spearers, opening by minks imposes 
upon the muskrats a minor burden, Indeed. 
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INTERCOM PEN SA TORY ASPECTS OF MINK 
PREDATION UPON MUSKRATS 
The .expression, "fallacy of misplacc;d concreteness," has been 
used with reference to many errors in human philosophy (56, 
109), but it would be hard to think of anything more descriptive 
of some of the worst weaknesses to be found in population 
analyses. As concerns predation, specifically, one need only 
read a fraction of the literature on game propagation and manage-
ment, food habits and economic status of wild animals, natural 
selection, and other fields pertaining to inter-relationships of 
living things to see how intrenched in popular and academic 
thought are certain assumptions as to the effectiveness of pre-
dation as a limiting factor in animal populations, assumptions 
that the killing of an animal by a predator must mean a lower 
prey popUlation than would have been maintained had it not been 
for that predator. Even Bodenheimer, in an advanced and 
scholarly treatment of biological equilibrium, has recently written, 
"It seems that the fairest summary of all given facts is as follows: 
"1. All factors are of destructive value in direct proportion 
to the percentage per stage destroyed by each . . ." ( 11, p. 105). 
In many cases, the fault lies not so much in the facts, so far 
as they go, as in failure to consider automatic adjustments on 
the part of predators and prey, the extent to which " ... the 
inherent limitations of animal populations and their resiliencies 
may serve to nullify alike many of the seeming advantages and 
disadvantages to which fortune may subject them" (45, p. 809). 
INTERCOMPENSATION IN "NATURAL" LOSSES 
OF MUSKRATS 
The concept that losses su ££ered by muskrats through depre-
dations by minks are largely without much actual depressive 
influence on the muskrat populations is borne out to varying 
degrees by the Iowa data for all seasons of the year. This does 
not mean that only a small proportion of a muskrat population 
may be killed by minks, for the latter may, indeed, kill tremendous 
numbers of muskrats annually in local areas and be the principal 
medium of reduction of many top-heavy or vulnerable popUlations. 
The distinction to be made is that, under most conditions favoring 
heavy losses of muskrats from minks, a very material proportion 
of the victims (or their numerical equivalents in the popUlation) 
are doomed, anyway, regardless of presence or absence of 
particular predatory species. 
Let us follow and attempt to appraise intercompensatory trends 
in "natural" muskrat loss rates from season to season. 
Because of hiatuses in our knowledge of the spring dispersal 
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of muskrats, the degrees to which mortality during the main 
movement are intercompensatory cannot at this time be judged. 
Very possibly, population losses prior to "settling" would reveal 
limited intercompensation even if they could be satisfactorily 
studied. If participation in the dispersal is general, or nearly so, 
the period of hazardous "gauntlet running" in strange habitat 
must be rather brief, for the majority of animals - at least of 
the females - do not long engage in cross-country travel. 
Variations in losses suffered by wanderers could therefore have 
more relation to numbers of predators, including minks, than 
should be the case when the period of critical exposure is suf-
ficiently long to be annihilative, or nearly so, whether inimical 
agencies are few or many, drastic or comparatively benign. 
The vulnerability of the surplus wandering male muskrats of 
spring and early summer is so pronounced that even low-intensity 
predation means no discernible bettering of· their status. Some-
times few of the spring wanderers may be found killed by minks, 
foxes, dogs, raptorial birds or any other animals commonly 
thought of as predators upon muskrats, hut more may be struck 
by automobiles or succumb to the wounds of intraspecific strife. 
When the perilous drifting continues about well-populated north-
west Iowa marshes through May and into June, there can hardly 
be anything but nearly complete mortality for the individuals 
engaged in it.3s 
Juvenile mortality has been conspicuously intercompensatory 
in nature on the areas most thoroughly studied. This is indicated 
not only by the most complete data we have on mink predation 
and muskrat populations but also by those from stream and 
marsh units from which rates of muskrat increase were obtained 
without direct information on mink predation. When rates of 
increase of known muskrat densities during ordinary breeding 
seasons continue to show the patterns expected for specific 
areas, irrespective of recognized, if not actually measured, fluc-
tuations in predator popUlations, the evidence is strong that 
whatever losses the young may suffer must be largely of inter-
compensatory types. 
While a detailed account of the annual population recovery of 
Iowa muskrats must await analysis and publication, the data 
indicate that rates of increase tend to vary with particular habitats 
and inversely with the density of the breeding stock. In other 
words, the rate between spring and early winter to be expected 
for a stated breeding density on some long-observed area seems 
28 From the Round Lake data for 1936, as given in tables 1 and 2 
one may ask Whether the heavy spring predation may not have actually 
reduced the resident male pOIJUlation as well as trimmed down the 
wandering surplus. 
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roughly predictable, regardless, within limits, of what agencies 
bring about losses of young.3U 
On Round Lake, where the most intensive studies of repro-
duction were carried on, records of highly variable losses of 
young muskrats through sporadic drownings, accidents, desertions 
by parents, non-epizootic diseases, mink predation, and intra-
specific attacks show, in correlation with data on rates of increase, 
elements of pronounced uniformity if considered collectively. 
Losses from predation and intraspecific attack increased about 
in proportion to the decrease of the others and vice versa, with 
intraspeci fic intolerance being dominantly operative in the event 
of unusually low losses through other agencies. Predation, then, 
by minks (and probably by all or most of the other predators 
upon young muskrats of the north-central region) may often be 
more correctly regarded as an indicator of vulnerability than as 
a pJ:imary depressant of productivity. 
"In late spring and early summer, 1935, stands of Cyperaceae 
covering roughly one-third of Mud Lake died out from some 
undetermined cause, and this was followed by the horned owls 
responding in a spectacular manner to . . . exposure of a large 
part of the muskrat population. Of 43 pellets from April to 
May, one of those from late May contained muskrat remains; 
then five of 16 pellets from June showed this item; and also 
eight of 12 July pellets.40 In the eight muskrat-containing pellets 
from July, remains of one adult and 11 young individuals were 
distinguished. The population was at perhaps half the density 
that the marsh had accommodated with evident security the year 
before, yet it apparently became conspicuously vulnerable by 
reason of drastic changes in a very important constituent of its 
environment - the cover" (33, p. 192). Unfortunately, data 
on Mud Lake mink predation contemporaneous with this exposure 
are not available for comparison, but intraspecific friction among 
the muskrats became intense. By a fortnight after weaning, 
for example, carcasses of four members of a litter of five were 
recovered and three of the four we're plainly victims of their own 
kind, as were other dead of post-weaning sizes examined from 
this section of the marsh. . 
Although voluminous data on food habits of horned owls in 
muskrat-occupied environment are at hand (45, and unpublished), 
these reveal only one other instance of conspicuous owl pressure 
upon young muskrats. Remains were found in eight of 31 
pellets deposited between May 22 and June 23, 1933, near Ames, 
8U The reader should understand that this conforming to recovery 
patterns may not be expected during breeding seasons attended or 
followed by drastically lethal drouth, floods, eplzootics, and other 
sweeping mortality factors against which thresholds of security and 
intraspecific toleration confer little protection. 
40 For closer dating of these pellets, see 45, p. 846. 
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Iowa (45, p. 841), which reflects rather severe predation upon. 
the occupants of a set of oxbow pools. Central Iowa pools of 
this type (fig. 15) never have in my experience accommodated 
Fig. 15. Marginal habitats for muskrats as afforded by certain 
oxbow potholes, central Iowa. . 
A. This pothole had no currently used or recent muskrat burrows, 
but transients occasionally lived under the roots of the tree at the right. 
B. The upper holes of a newly excavated set of muskrat burrows 
exposed by the receding water. This set was occupied by a breeding 
female and represents an early pioneering stage for a series of potholes 
having had no muskrats In regular residence for at least the seven 
previous yearR. Long'-establlshed burrow systems tend to be complex 
and to offer far greater attractions to muskrats than simple burrows 
of recent origin. 
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many muskrats, whether horned owls or other known enemies 
were present or absent, so the habitat may legitimately be regarded 
as marginal. The reasons for this poor habitability are not 
entirely clear, but food shortage and shallowness of water make 
the pools unattractive as wintering quarters, and it is probable 
that the resulting lack of established burrow systems contributes 
to the inferiority of such places as muskrat environment (37, 
pp. 178-179) even during warm weather months when food and 
water shortages are not necessarily any worse than they are 
about many regularly used flowing streams. 
Some of the central Iowa stream data for 1940 pertain to 
muskrat populations in habitats filled about up to respective 
capacities for the season and illustrate the tendency for annual 
population recoveries to smooth out many variations in birth rate 
and mortality. The heaviest fall population of stream-dwelling 
muskrats listed in the notes was one along the Skunk River south 
of Cambridge (figure arrived at: 153 per mile). The average ' 
number of young successfully raised per female was 12.8, which 
represents about as high a rate of increase for the breeding 
density and habitat as one could expect, but an average of 21.3 
placental scars per female for the summer, combined with other 
evidence, points to a 40 percent juvenile mortality of largely 
intercompensatory nature.41 About 20 miles farther upstream, 
the fall density was 120 per mile, the rate of net increase was 
11.1 young per female, with an average number of placental 
scars per female of 15.3, thus indicating a juvenile mortality of 
27 percent. For two small tributary streams the fall popUlation 
averaged 39 per mile, showed the same net increase rate of 11.1 
young per female, but the average of 14.3 placental scars per 
female indicated a juvenile mortality of only 22 percent. 
The degree of intercompensation in drouth-accelerated losses 
of young muskrats is indicated by a number of area case histories, 
of which two examples may be cited as contrasting extremes. 
Losses at Four Mile Lake, summer and fall, 1940, took place 
in the virtual absence of known predatory ene1r1ies, yet the 
severity of these losses in many ways looked typical for drouth-
exposed muskrats in habitats thoroughly worked over by pred-
ators. The original summer breeding population was the 
equivalent of about 30 pairs; the population for late October 
appeared to be about the same total number of individuals, with 
some young of the year taking the place of dead or departed 
adults. Perhaps there might not have been so many muskrats 
by October had minks and other predators been abundant and 
41 It would seem that the high summer densities of young should 
have invited predation by local horned owls frequenting the river's 
edge, but none of 14 pellets I,nown to have been deposited there from 
mid-June to early July contained muskrat remains. . 
881 
active, but the status of the populations of the two comparable 
mink-hunted dry marshes of neighboring Cheever Lake by 
October, 1939, certainly was no worse (see table 5). 
At WalI Lake, 1940, the adaptive enterprise of a family of 
red foxes was mani fested by these animals catching the young 
muskrats in dry trails radiating out from lodges (fig. 16), days 
or even weeks before the disappearance of water from the lodge 
entrances made the muskrats conspicuously vulnerable to minks. 
In view of partial reflooding of the marsh in late August, one 
may suspect that many of the fox victims would have survived 
the summer crisis had they been confronted only by minks. Of 
course, had it not been for the early fox pressure, the vulnerability 
to minks of the drouth-exposed population of falI would probably 
have been more pronounced. (See table 7 for a summary of 
the salient aspects of mink and fox predation on the Wall Lake 
muskrats.) At any rate, I am inclined to think, after making 
allowances for intercompensation, that the fox activities resulted 
in a net reduction in the population of between 50 and 100 
individuals, the equivalent of the nearly straight muskrat diet of 
the fox family for July and August. 
Altogether, the Iowa notes refer to 37 local situations where 
summer and fall drouths became truly lethal for young muskrats. 
In four instances, water returned soon enough after severe 
predation so that many of the victims surely would have otherwise 
Fig. 16. On dry Wall Lalce in the summer of 1940 a family of foxes 
took notable advantage of muskrats using trails from lodges to feeding 
grounds. All known muskrats thus failing victim were young (Includ-














TABLE 7. A COMPARISON OF :MINK AND RED FOX PREDATION UPON DROUTH· 
VULNERABLE lmSKRATS, WALL LAKE, 1940. 
Water situation on parts 
of marsh occupied 
by muskrats 
Peripheral and isolated 
shallow water areas 
exposed 
Water in deeper part of 
marsh gradually went 
down until only a few 
inches in depth 
Deepest part of marsh had 
some water but peripheral 
and outlying areas were 
exposed 
Marsh partially refiooded 
in late August, but water 
went down rapidly in 
September 
Marsh had no surface 
water during most of 
period. though ground 
was soggy 
Incidence of muskrat remains·· 
App'roximate density of 
locally exposed· muskrat 
populo. tions 
in carnivore feces Other evidence relating to 
lIink 
Possibly 30 to 50, in ratio of In 0 of 30 
ahout 3 young per adult 
Highly variable, possibly bA' 
tween 50 and 200, depending 
on stage of drouth during the 
month 
Possibly 250, in ratio of 
about 2 young per adult 
Probably no more than a 
dozen at anyone time; these 
seemed mainly transients 
both in the marsh and on 
land adjacent 
Somewhat over 200, as demon-
strated by annihilative trap-
ping in November. Sex and 
age ratios of specimens show-
ed 1.9 young per adult and 
3.1 young per adult female. 
In 4 or 50% 
of 8 
In 7 or 26% 
of 27 
In 2 or 10% 
of 20 





In 46 Or 96% 
of 48 




In 0 of 6 
the response of preda tors 
to muskrat vulnerability 
Foxes were working about 
muskrat lodges... in drying 
parts of the marsh; the minks 
were mainly in somewhat 
wetter habitat. 
Faxes, hunting as a family 
group, used a specialized tech-
nique and invaded the drying 
marsh about as fast as the 
wa ter receded. The minkA 
largely avoided the tracts 
heavily hunted by the foxes. 
Faxes did most of their hunt-
ing on high ground near the 
marsh. One muskrat was 
noted to be living in the corn-
field most hunted over by the 
foxes. 
Foxes no longer spent much 
time in the marsh. 
• Numbers of animals exposed should not be confused with numbers resident . 
•• Victims were almost entirely of young (including "kits" and subadults) • 
••• Foxes of Wall Lake did not dig into muskrat lodges as they have elsewhere been reported to do when hunting on dry marshes. 
~ 
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survived the drouth cnSIS; in seven other instances, it seems 
reasonable to judge that somewhat more muskrats would have 
survived the drouth had it not bee.n for the presence of oppor-
tunistic enemies; in the other 26 instances, the virtual annihilation 
of the muskrat populations because of drouth emergencies doubt-
less would not have been averted had predatory species been 
totally absent. 
Smith's account of the effects of a flood on Maryland coastal 
muskrats depicts not only the deadliness of severe emergencies 
of this sort but also what is probably a high degree of inter-
compensation in the losses, which occurred through a combination 
of agencies (93, p. 5) : 
"Great numbers of muskrats were. drowned, but many more 
succumbed to disease, starvation, and lack of fresh water. Those 
that escaped the flood by reaching elevated spots soon began to 
sicken and die, as food was scarce and of poor quality, or un-
obtainable, and the water, because of the tide, was as salt as that 
of the bay." Predation on these exposed animals naturally 
was heavy, and Smith is quoted oq this subject elsewhere in 
this bulletin. I t was apparent that many marshy areas were 
largely or wholly depopulated, but the same author states that 
floods "of normal proportions on the Maryland marshes usually 
do not seriously affect muskrats unless other unfavorable factors 
enter in. The animals may be forced to sleep temporarily on the 
tops of their houses, but they are soon able to build covered 
nests there. Some young may be lost, but as a rule such 
casualties are of little consequence." 
In central Iowa, stream-dwelling animals marooned by flood 
waters but finding refuge in willow thickets took care of them-
selves fairly well (26, p. 416). Some of the less fortunate may 
be "washed out" on a considerable scale, as on Squaw Creek in 
August, 1940, with a decided lowering of the season's increase. 
In late January, 1935, while Squaw Creek was in a very high 
flood stage, the temperature dropped to 12° below zero (F.), 
then down nearly to 30° below, to turn much of the valley into 
a steaming, freezing lake that offered doubtful sanctuary to 
muskrats anywhere either in its depths or about its margins. 
Two individuals living in shore ice and . foraging on land were 
known to have survived the flood crisis, but most of a population 
calculated at between 34 and 45 wintering along a two-mile 
stretch were believed lost. 
The occasional rather conspicuous drownings of young musk-
rats observed at Round and Mud Lakes (29 and unpUblished) 
appear to be largely intercompensatory when they occur during 
the early months of the breeding season; less so, like disease 
losses (41), when they affect late litters or reduce post-breeding 
popUlations that have attained a good measure of security from 
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predation and intraspecific strife. In short, the degree to which 
drowning mortality may be offset by decreased mortality from 
other causes depends mainly upon whether it acts as a substitute 
for losses already "predetermined" by density factors, etc., or 
is essentially superimposed after the others have operated. 
The Iowa notes contain no examples of cold weather losses 
of wandering muskrats that were perceptibly influenced in their 
totality by the kind and intensity of predatory attack, but the 
preying by minks upon well-situated wintering muskrats may 
conceivably have more importance as a popUlation depressant. 
Since, in many ways, the latter type of predation seems to be a 
function of muskrat densities, it would thus seem to conform 
to the thesis of proportiQnal predation advanced notably by 
McAtee (70, 71). Such mink depredations look largely non-
compensatory, at least during the months when muskrat popu-
lations living under the ice may suffer little known "natural" loss 
except from minks. The rigidity with which muskrat breeding 
densities may be delimited by intraspecific intolerance and the 
wholesale elimination of surplus individuals through spring 
wandering (37) constitute evidence, however, of a delayed inter-
compensation that may make many differences in winter predation 
of trifling net consequence in terms of popUlation maintenance. 
Severe winter mink predation, being so much of a manifestation 
of high or insecure muskrat densities, would seem unlikely to be 
instrumental in Teducing a regional population of muskrats to 
the extent that suitable breeding habitats of spring and summer 
would remain unfilled. Low rates of winter predation upon 
muskrats in well-filled habitats rna;' only mean a larger biological 
surplus later to be frittered away.4 
INTERCOMPENSATION IN MUSKRAT LOSSES ASSOCIATED 
WITH HUMAN ACTIVITIES 
Exploitation of the muskrat as a fur-bearer (or deliberate 
reduction by man as along the earthenwork embankments of 
irrigation ditches, levees, dams, roads, bridges, etc.43 ) may doubt-
less afford it some relief from population tensions, with a con-
sequently augmented security of many of the individuals that 
escape. This would be of positive survival value for the species 
during winters of acute food shortage or under conditions 
characterized by extreme unrest of the wintering populations.44 
42 The subject of utilization of muskrat surpluses by man is reserved 
for treatment farther on in this bulletin. 
43 Storer (99) has recently summarized European and some American 
experience with the muskrat as a pest. 
44 It might be stated as a general rule that badly situated wintering 
animals are. because of their exposure and activity. trapped with 
greater relative ease.' The Iowa notes describe annihilative trapping 
by the public of local drouth-exposed populations; and It Is equally true 
that muskrat populations may winter under such favorable conditions 
that even expert trappers fall to make good catches. 
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In other respects, the reduction may tend to diminish the 
winter security of the animals deliberately or accidentally left 
"for seed." There is evidence that lone occupants of a lodge or 
burrow system enjoy less security than several living together. 
It also happens that trappers' tactics (now usually illegal) 
resulting in wide-spread destruction or loss of habitability of 
living quarters may force concentrations beyond limits of comfort 
and safety in retreats that, still remain available.i5 During the 
years of my South Dakota experience when the setting of traps 
in the chambers of ,muskrat lodges was legally allowable, entire 
marshes were devoid of inhabited lodges a week or less after 
the opening of the trapping season the first of December - and 
with the cut openings in lodge after lodge so carelessly plugged 
by trappers that the plunge holes had frozen over long before 
the expected catch of muskrats had been taken. My own data do 
not tell exactly what happens with the total eviction of muskrats 
from frozen central lodges, but Bailey's (8, p. 354) statement 
that "to, 20 or 30 muskrats have been found in one of these 
[bank] burrows in winter when they were being mercilessly 
trapped in the marshes ... " not only suggests a partial answer 
to the question but describes a situation that could very possibly 
be a prelude to severe mink predation, intraspecific friction, and 
lethal wandering. 
The degree to which any such mink predation would be inter-
compensatory would seemingly be conditioned by how well the 
muskrats tolerated each other, and the latter in turn would be 
conditioned, for one thing, by the adequacy of the food supply 
(38, pp. 84, 87-88). Minks killing large numbers of locally 
concentrated muskrats that otherwise were getting along' well 
would perhaps be exerting a pressure as noncompensatory as 
any likely to occur, especially if the muskrat densities of the area 
as a whole were low enough to make a spring surplus of breeding 
animals improbable. The Iowa and South Dakota data are 
disappointingly inconclusive with regard to this type of predation, 
chiefly because of the lack of clear cases, one way or the other. 
A variable concomitance of muskrat trapping is the crippling 
of animals that twist off feet to escape from steel traps.4S Arthur 
(5, p. 354) quotes W. A. Gibbs: "This loss from 'wringing offs' 
... in my own marsh [Maryland] ... amounted to 28% 
animals in a hundred, and I believe that in Louisiana it must have 
45 This appears rather analogous with prbblems of human over-
population resulting from the dislocations of war, particularly as 
described by Hjort (57; 58, Pp. 185-187, 206-208). 
46 "'VrlnJ;ing" losses may be notable when much trapping is done 
by inexperienced or irresponsible persons and when "sets" are not made, 
or cannot be made, to drown the victims promptly after capture. Time 
intervals between visits, styles of traps used, and "plain luck" have a 
bearing upon the amount of "wringing" that occurs, and even well-
equipped veteran trappers lose percentages of their catches In this way. 
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amounted close to . . . 50 percent . . ." I have no definite figures 
to contribute, but, from farm boys_who lose more than they pelt 
to expert deep-water trappers who seldom lose a muskrat, I 
would guess that the rate of "wringing" in an ordinary Iowa 
trapping season would average between 10 percent and 20 percent. 
The proportion of animals so crippled that survive seems to be 
very low; this, however, may be charged to causes other than 
their dying from their self-amputations, although the latter are 
unquestionably fatal in a large number of cases.47 
The readiness with which many trap cripples are subsequently 
retrapped and the numbers that may be found traveling cross-
country and living in corn shocks, dry land holes, etc., provide 
evidence as to the promptness with which their status descends 
to that of wanderers. We may suspect not only that their 
handicaps incite their uninjured fellows to turn upon them but 
also that irritability from suffering may make them unpopular 
in places where they might otherwise be tolerated. Possibly, the 
drifting is simply precipitated by an urge to get off alone, which 
is a common reaction of wounded animals. At any rate, whether 
the trap cripples leave their familiar habitats of their -own volition 
or are forced out, when footloose in strange environment, they 
run the usual hazards of wandering. Traps kept set in open 
water in front of tile entrances, and in like situations inviting 
to passing muskrats, catch many cripples; other victims are found 
frozen or dead of strife-wounds about the edges of marshes. 
The occasional evidences of early winter mink predation found 
47 Gibbs, quoted by Arthur (5, PP. 354-355), says, "In my marsh, where 
I have trapped the same territory year after year and kept records, in 
one season before I had perfected the 'two-trigger' trap I had 272 wring 
oHs. The next season I caught five animals that had wrung off in the 
preceding or previous seasons and had recovered. Personally, I do not 
believe that more than 2 percent of them recover," which Arthur 
endorses as "Unquestionably a correct statement as far as the Louisiana 
marshes are concerned." . 
The Svihlas state (101, pp. 21-22) that "Muskrats are most careful 
in keeping any wound clean by constant licking. If the flesh becomes 
infected, they do not hesitate to gnaw it away. In many cases -
evidenced by three-legged, two-legged, and even one-legged muskrats 
being caught in the marsh - they have been able to heal legs ampu-
tated by traps. In some cases, this simple licking method is not suffi-
cient to preclude infection and we have found [from experience with 
captives] that frequent antiseptic baths are most successful in counter-
acting septic poisoning and com]'lications ... Pus sacks occasionally 
form on muskrats whose legs have been previously removed. When 
these pus sacks are removed, the muskrats make strenuous efforts to 
lick up the pus." 
Stump-footed muskrats handled in the north-central region showed 
all types and degrees of healing, with stumps neatly covered by skin 
In some animals and with flesh drawn back from and healed around jagged ends of bones in others. Like the recipients of intraspecific 
wounds, the trap cripples display both astonishing ability to recover 
and unmistakable evidence of lethal Injuries. A note dated early 
December, 1919, describes an animal caught by a South Dakota trapper 
by one of its three well-healed stumps, and 'Varwick (107, p. 198) 
mentions from experience in the British Isles that "Throughout the 
campaigns many Musk-rats have escaped maimed from steel traps. In 
Shropshire about 10 percent of the Musk-rats caught had been trapped 
before, usually by the fore leg. In most cases the wounds had healed 
up cleanly and the animals were evidently little inconvenienced, as they 
were usually quite fat." 
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in central Iowa during years when a high degree of security of 
muskrat populations was expected have seemed to relate mainly 
to maimed animals. 
Man's evictions of muskrat populations take a multiplicity of 
forms. We have the artificial drouths of drainage and the 
artificial floods of damming, the sudden changes in water levels 
associated with flood control and the management of reservoirs. 
The muskrats are quick to adjust themselves to new conditions 
and may sometimes thrive better in drainage ditches than in their 
original habitats; but, when the ditches again need to be dredged 
out and the tiles repaired, the accompanying disturbance of the 
local populations may be cataclysmic. Road grading may evict 
numbers of animals, and the intentional discouraging of muskrats 
where they are especially apt to do damage may involve systematic 
destruction of dens. 
In addition, mosquito control operations may have a highly 
adverse effect on habitability of areas for muskrats (96, 97). 
Such ordinary agricultural practices as pasturing marsh and 
stream edges also may exert a profound influence .on muskrat 
numbers. Grazing animals may remove enough plant growth 
to make certain habitats nearly foodless48 and their trampling 
may cave in the shallower burrow systems. Concentration of 
livestock about drouth-shrunken pools of water may quickly ruin 
their habitability for muskrats. Iowa notes describe droves of 
pigs methodically rooting up lodges in drying marshes (Arthur 
also reports great damage to muskrats from this cause in Louisiana 
(5, pp. 270-271) ), and, on one dry marsh, not a lodge escaped 
being flattened by horses. 
It should not be necessary to labor the point that muskrats 
handicapped or evicted through human agencies are as vulnerable 
to mink predation as those handicapped or evicted through 
"natural" causes - or that we may expect similar degrees of 
intercompensation in mortality of such individuals. 
ECONOMIC SIGNIFICANCE OF INTERCOMPENSATORY 
TRENDS IN POPULATION PHENOMENA 
OF MUSKRATS 
To an economic zoologist concerned with muskrats, inter-
compensation in loss rates should have practical a,pplication, 
whether his interests lie in increasing the animals or in reducing 
them. In either event he should be better able to avoid placing 
undue confidence in the effectiveness of conventional management 
or control measures that have slight if any influence on truly 
limiting factors. 
48 Cattail (Typha latlf,,/ia) stands of marshes may have a high fced 
value for hogs (48), and their regular use for pasture occurs in some 
parts of the country. 
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The usual picture shown by the predation and population 
data in hand is one of essentially secure muskrat aggregates with 
a variable, insecure overflow - the more secure animals being 
on the whole reducible through predation only when the pressure 
is specialized and intense (as that exerted by modern man), and 
the overflow being vulnerable to numerous agencies, intraspecific 
as well as interspecific, singly or in combination. So far as 
mink predation is concerned, the argument that minks are of 
material help in controlling muskrats about reservoirs, etc., is 
no better grounded than the argument that these predators 
significantly keep down the numbers of muskrats wanted for 
furs. The role of minks in both cases seems largely neutral, 
despite the possible millions of muskrats that they may annually 
kill. . 
Intraspecific self-limiting mechanisms in conjunction with 
habitat limitations seem primarily to govern the general population 
status of muskrats in the north-central region.40 Given suitable 
living conditions, the muskrat - fur-bearer or pest - has 
repeatedly demonstrated an ability to maintain its numbers, up 
to, or at least close to, its own apparent limits of intraspecific 
tolerance, against all subhuman predators I have studied in the 
region. Even against ingenious and diligent exploitation (37) 
and persecution (75, 99) by man, it may stilI hold remarkably 
well its native and much of its recently colonized range. In 
Ulbrich's book on the muskrat in Europe, it may be seen that, as 
an introduced pest, the species suffers from much the same types 
of flesheaters (foxes; mustelids, other carnivores, birds of prey) 
that it does in North America (104, pp. 38-40). 
FUR MANAGEMENT AND EXPERIMENTATION WITH 
REFERENCE TO MINK-MUSKRAT RELATIONSHIPS 
Despite its own great value as a fur-bearer, the mink is often 
the subject of unfavorable practices and legislation because of 
its preying upon muskrats. The view widely held by trappers 
is, of course, that through suppression of minl:s .a large per-
centage of the muskrats these predators usually kill would be 
saved for human use; and the logic of their assertions that each 
mink pelt represents the loss of many times its value in muskrat 
pelts appears unshakable so long as their fundamental assumptions 
remain unchallenged. 
These are chiefly that predation by minks upon muskrats 
varies with the number of minks and that actual reduction in 
mink depredations accomplished as a result of reducing or 
40 The reader may be reminded that it Is not beyond reason that 
eplzootics may sometimes serve as primary depressants of muskrat 
populations (see discussions elsewhere In text). 
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exterminating the minks would be translated into substantial 
gain in muskrat fur returns. 
The standard rebuttal of mink-defending trappers and admini-
strators is that minks do not kill as many muskrats as others 
think. As concerns the question of minks killing muskrats, both 
factions are generally partially right and partially wrong. The 
carcasses of typically wandering or ill-situated muskrats killed 
or eaten by minks and the mink holes in "dead" muskrat lodges 
are often so conspicuous that a trapper sees them if he sees 
anything. On the other hand, given conditions favoring pre-
dation, minks can and do kill muskrats, even to the extent of 
subsisting upon them the year around and killing in excess of 
nutritional requirements. Whether the amount of killing. is 
overestimated by one faction or underestimated by the other, 
neither can expect to make a very true appraisal of the net effect 
of such predation simply on the basis of numbers of animals or 
proportions of the populations killed. 
It is not maintained that numbers of muskrats killed by minks 
never have any relation to variations in the human catch of 
muskrats for fur. Consideration of the intercompensatory nature 
of both reproductive and loss trends of muskrat populations 
should, nevertheless, arouse at least some skepticism as to the 
validity of familiar types of reasoning. 
Existing deficiencies in observational as well as experimental 
data - especially the latter - preclude more than a tentative 
evaluation of the management aspects of mink-muskrat relation-
ships, but it should be in order to outline what our present 
knowledge might lead us to expect of human control of minks as 
a method of increasing productivity of north-central muskrat 
habitats. 
Fewer minks might mean slightly decreased losses of sexually 
awakening muskrats during the spring dispersal but would 
probably not result in materially better survival of the unmated 
males that continue to wander hazardously during May and June. 
There might be some theoretical advantage in having these late 
wanderers killed, as by minks, if that would decrease intra-
specific disturbances in the breeding populations. While it seems 
true that shortages of mature males may be a serious handicap 
to reproduction and a cause of lowered productivity at low 
popUlation densities, the consequences may as often be due to 
faulty distribution of unmated males as to their actual scarcity. 
In the summer of 1937 there probably would have been enough 
males to insure proper mating with the seven females at Little 
Wall Lake if those killed by minks had not evidently spent most of 
their time along the marsh edge where they were both more vulner-
able to the minks and a nuisance to the breeding muskrats already in 
residence. It was in the deeper parts of the marsh that reproduc-
tion occurred sparingly and irregularly. 
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Unless extremely high densities of minks are present in a 
locality, reduction in their numbers would not be likely to result 
in any particular increase in numbers of young muskrats sur-
viving non-emergency summers and falls to early winter pelting 
stages. The severity of the mink pressure upon young muskrats 
at Round Lake, 1935 (table 3) actually did seem to curtail 
the productivity of about 20 acres of marsh, though, on the 
remaining 430 acres, the numbers of young raised seemed to be 
about the same on mink-vacant and mink-hunted parts, alike.50 
On the 20 acres, where the mink pressure was the most extreme 
shown by my records, the fall density of muskrats was probably 
two or three per acre lower than the average (10 to 15 per acre?) 
for comparable but mink-vacant parts of Round Lake. 
A previous discussion of intercompensation brought out that, 
in 26 (70 percent) of 37 observed instances of drouth crises 
lethally affecting young muskrats on Iowa areas, the depredations 
of minks, severe though they were, surely had scant influence 
on the fall popUlation status of the muskrats. In only 4 (11 
percent) instances were the crises of sufficiently short duration 
to have permitted materially improved survival of young had 
minks been absent, and mink control to the point of extirpation 
could hardly have increased by more than 15 percent the musk-
rats surviving these shorter drouth crises.51 
In north-central states where muskrat trapping is done chiefly 
in fall or early winter, mink predation, even counting that upon 
muskrats caught in traps, does not seem to be a very great source 
of economic loss to trappers. My Iowa and South Dakota figures 
indicate a loss of approximately 1 percent of muskrat pelts due 
to minks eating trapped animals, but I am not prepared to say 
how typical this percentage may be, as it would obviously vary 
with trapping methods if nothing else. The transient muskrats, 
which comprise such a large proportion of the mink victims in 
winter, are as a rule thin-pelted and often cut up from intra-
speci fic stri fe. 
Late winter losses in heavily populated but "normal" muskrat 
habitats, as they seem to show less intercompensation than other 
loss types studied, are probably reducible through lowering of 
mink densities; and in regions where the muskrat trapping season 
opens in spring, it may not only be possible but also economically 
feasible to bolster top-heavy biological surpluses long enough to 
permit human harvesting. 
50 Tagging stUdies demonstrating that the marsh young typically 
spent their first winter in, or immediately out from, the vicinity of 
their birthplaces (34, p. 170; 43; and unpublished) rule out the likelihood 
of more than very local unevenness in productivity being smoothed out 
by post-breeding migrations. 
51 It is possible that protection from the fox family at Wall Lake In 
the summer of 1940 (see table 7 and text) might have resulted In half 
again as many muskrats being available for the faU fur trapping. 
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So far as existing research data go, ordinary utilization of the 
mink as a fur-bearer should usually constitute sufficient mink 
control for purposes of north-central muskrat management. 
Where fur trapping is done early in the winter, minks could well 
be harvested along with muskrats, according to simultaneous 
trapping seasons - which, incidentally, have certain advantages 
for both trappers and fur administrators. In the event that 
muskrat trapping is reserved for spring, the mink trapping could 
logically be carried on in the winter, for purposes of pelting as 
well as of control. 
If, for any reason, the muskrat season is to be kept closed, 
closure also on minks may often be desirable, especially in regions 
where water sets for minks would be a threat to population 
remnants of muskrats, as those surviving drouths or excessive 
trapping of preceding years. The fears expressed by trappers 
that protection of minks under such conditions would seriously 
detract from the protection intended for muskrats are largely 
conjectural or .attributable to failure to recognize the inter-
compensatory nature of most losses suffered by muskrats under 
emergency conditions.52 Often, too, the public has a tendency 
to overestimate numbers of minks present in a locality during 
drouth years, probably in good part because of the abundance 
of tracks in "key" situations: junctions of watercourses, muddy 
stream beds, exposed muskrat habitations, residual pools, springs 
and .tile openings. 
In connection with muskrat management, special circumstances 
may call for reduction. of minks by more drastic action than 
ordinary fur-cropping. "When feasible, nevertheless, management 
on a sustained yield basis of both minks and muskrats - our 
two most important fur-bearers over wide areas - should on 
economic grounds alone be preferable to attempting extirpation 
of minks with but questionable prospects of materially increasing 
the fur returns from the muskrats.53 
52 The evidence as to possible effect of predation on very low den-
sities of muskrats Is obscure and In some respects rather conflicting. 
"It seems true from the writings of Tinbergen ... [ (102) 1, Criddle 
•.• [ (15) J, and others that predation, to have anything approaching 
a governing effect on nortnern mouse or rabbit populations, must occur 
at times when the latter are at low to moderate densities" (45, p. 819); 
and the possibility should be recognized that, If muskrats are so scarce 
that the destruction of a single animal may sensibly lower the pro-
ductivity of the species in an area, such predation as occurs may take 
on more significant aspects from the standpoint of population. In the 
case of the muskrat, postulated increases of significance of predation 
at low levels would appear less a matter of actually greater predator 
pressure In proportion to numbers of the prey than of the Imposition 
of added handicaps to reproduction of the prey through underpopulatlon 
phenomena. (For general treatment of the biological disadvantages 
of underpopulation, see in particular the works of Allee and associates 
(1, 2). ) 
53 This does not mean that there are not considerations other than 
economic to be heeded In the handling of natural resources or" that 
public Interest should be disregarded In favor of those of special 
factions (63, 64). 
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An inkling of what relative densities of minks and muskrats 
might be economically productive is afforded by certain figures 
as to annual trapping catches. Their use, however, as population 
indicators must be restricted to the delineation of general trends, 
for, as Hamilton (54, p. 95) states, it ". . . is impossible to 
obtain complete statistics on the fur trade," and, even were 
statistics in hand, analyses would be immeasurably complicated 
by differences due to trapping conditions, profit urges to trap 
intensively or selectively for one animal or another, and related 
variables. 
In my eastern South Dakota home locality, neither minks nor 
muskrats could be said to have been trapped in any true proportion 
to their numbers prior to 1919-20. The season of 1921-22 was 
the only one in my experience in which these two fur animals were 
both conspicuously abundant and severely trapped, and my catch 
showed a ratio of about 11 muskrats to each mink. The following 
season, populations of minks and muskrats were lower, with the 
ratio of one to the other remaining about the same. In 1934-35, 
a season of very high muskrat densities on Mud Lake, a splendid 
muskrat marsh in northwest Iowa, the ratio of muskrats to minks 
caught was about 140 :1, but the mink population was also very 
high for the habitat; on neighboring Round Lake, a State 
Wildlife Refuge, 1935 was' a year of maximum recorded 
abundance of minks and muskrats alike, with a ratio of resident 
animals, one to the other, probably similar to that shown by the 
Mud Lake catch for 1934-35. 
The physiography of the South Dakota and Iowa habitats 
mentioned in the above paragraph dif fered a great deal. In 
South Dakota, the habitat consisted primarily of a small river 
and a lake-chain, with few marshy areas; in Iowa, of lush 
marshlands. Maximum early winter mink densities of both the 
South Dakota lakes and the Iowa marsh areas seemed to level 
off at about 15 per square mile, so these habitats for minks may 
be considered comparable. As muskrat environment, the Iowa 
marshes far outclassed the South Dakota lakes, with a resulting 
greatly increased proportion of muskrats to minks. Pronounced 
year-to-year differences in ratios may also be expected, as the 
semi-terrestrial, shoreline minks are less subject to fluctuations 
because of habitat changes, either for better or for worse. It 
can therefore be perceived that gross ratios of one animal to the 
other may leave misleading impressions. 
Table 8, showing numbers and values of muskrat and mink 
pelts taken in Iowa, 1929-41, is based upon figures supplied by 
the Iowa State Conservation Commission (letters, Taylor W. 
Huston, May 13, 1942, and R. M. Berry, May 14 and 28, 1942). 
The average muskrat-mink ratio was 9 :1, with a range for 
comparable trapping seasons of 15:1 to 7:1. Following the 1934 
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drouth, the ratio in the half of the state having an open season 
for both muskrats and minks was 5: 1; following the other severe 
drouth of 1936, the ratio was 7 :1, the mink season being open 
as usual and the muskrat season being closed over nearly half of 
the state. 
Of the published information on annual catches, Arthur's (5) 
Louisiana figures may reflect, as well as any, population dif-
ferences of an· essentially local nature, inasmuch as the greater 
part of the annual catch comes from a relatively narrow strip of 
coastal marshland. Muskrat-mink ratios for 17 winters (1913-30) 
varied from 11:1 to nearly 300:1, with a median of 51:1. The 
winter of the highest mink catch (1916-17) was that of the 
second lowest muskrat catch, and the winter of the highest 
muskrat catch (1922-23) was that of the lowest mink catch. For 
the six earliest winters recorded (1913-19), the muskrat catches 
TABLE 8. NUMBERS AND. VAI,UES OF MUSKRAT AND MINK PELTS 


















I Number of pelts I Ca~ch I Av. pelt value 1 Variables .other t~an rabos numbers mfiuencmg Muskrat I Mink' m'rat :mink Muskrat I Mink fur catches 
466,914 31,647 15:1 I $0.62 $7.00 
381,651 36,842 10:1 I 0.42 3.50 Probably low prices 
293,294 33,780 9:1 0.52 3.60 





380,275 8:1 0.52 4.40 Season open only in 
southern half of 
state 
113,889 21,775 5:1 0.70 4.40 Season open only in 
northern half of 
state 
351,968 31,613 11 :1 0.98 5.93 
212,352 32,337 7:1 1.25 9.00 Season closed on 
muskrats (but not 
minks) over most 
of southern half of 
state 
176,759 21,438 8:1 0.60 5.60 
308,015 27,783 11:1 0.75 7.25 
46,003 2,877 16:1 1.05 6.25 Season open only On 
Mississippi River 
350,700 38,817 9:1 1.21 7.30 
I 271,905 I 29,278 I 9:1 0.72 I 5.56 I 
• From data supplied by the Iowa State Oonservation Commission . 
.. Unless otherwise indicated, the trapping season refers to minks and muskrats 
alike, over the entire state, and for a two·month period, generally November 10 to 
January 10. 
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averaged close to 3,200,000 skins and the mink catches more 
than 100,000, or in ratio of about 32:1; for the next 11 winters 
(1919-30), a period of greatly intensified exploitation of North 
American fur-bearers, the muskrat catches averaged nearly 
5,400,000, while the mink catches dropped to an average of about 
65,000, in ratio of 83:1. The 1913-19 figures reflect not only 
the effect of "a disastrous Gulf hurricane . . . in August of 
1915" (5, p. 71) but probably also low market prices for muskrat 
pelts54 and a relative fewness of trappers (an average of about 
6,200 during the war winters, 1917-19, compared with 28,600 
in 1922-23 and more than 12,000 for subsequent winters) (5, 
p. 57). In the fall and winter of 1913 muskrats were said to 
have been "very abundant"; and "While the estimate of the 
fur catch, especially the muskrat, was not high, it is a fact, how-
ever, that this animal was particularly abundant in 1918 ... " 
(5, p. 71). 
On the other hand, the 1919-30 average for muskrat pelts was 
cut down by three much reduced yields in succession, 1925-28, 
and the same author continued (p. 71): 
"In 1924 and again in 1925, Louisiana was visited by a severe 
drouth ... Muskrats suffered and it will never be known 
how many died . .. A... rise in prices sent an army of 
trappers into the marshes who 'cleaned up' on the 'rats the 
drouths, fires and diseases did not get, and the ,muskrat has been 
slow in cdming back." 
For reasons given, I would question that the increased catch 
of muskrats during the 1919-30 period has the connection with 
a decrease of minks that the figures might indicate at first glance, 
but the possibility that some connection may exist should not be 
ignored. Parenthetically, this is also my reaction to Arthur's 
statement (5, p. 267) that "In the high-producing area in the 
Delacroix Island section . . . the minks were at one time very 
plentiful, but the trappers ... through a persistent trapping 
campaign that has gone on for years, have virtually wiped out 
these flesh-eaters and the present-day production of muskrats 
is very high"; at any rate, I cannot see that such a cause and 
effect relationship is necessarily demonstrated. The five winters 
(1921-25 and 1929-30) for which the Louisiana muskrat catches 
reached or exceeded 6,000,000 pelts had an average mink catch 
of about 56,000, but for two of these winters, 1924-25 and 
1929-30, the mink catch was listed at 84,201 and 69,680, respec-
tively, and, in 1928-29, with a muskrat catch of 5,105,377, the 
mink catch was 99,844 (5, p. 55). Furthermore, the 1924-25 
returns of 6,236,165 muskrats and 84,201 minks were for one 
54 Viosca wrote in 1928 (105, p. 216): "It is not many years since 
the [Louisiana] trappers complained of the handicap to their trapping 
operations due to the abundance of these 'pesky rats' ... " 
895 
of the severe drouth years. Whatever may have been the relation, 
if any, of the unusually low mink density presumably. reflected 
by the 1922-23 catch of only 34,607 pelts to "the greatest catch 
of muskrats ever recorded in Louisiana ... conservatively placed 
at about ten million" (5, p. 71), the figures do seem to suggest 
that populations giving annual yields of 100,000 mink ,and 
5,000,000 to 6,000,000 muskrat pelts are mutually compatible 
during ordinarily favorable years. Reduction of mink populations 
to annual catch levels of around 40,000 to 50,000 was not followed, 
so far as I can recognize, by any measurably increased returns 
of muskrats. 
Of course, this only takes us back to our great analytical 
impasse: The lack of statistically adequate experimentation with 
mink and muskrat popUlations. For all of the experimental 
equivalents furnished by observational data obtained from year 
to year under an extremely wide range of conditions (see Appen-
dix A), what is now needed is more testing of management 
measures on the land, on a long-term basis and on an ample scale, 
with strict objectivity and due provision for check areas. 
A certain amount of deliberate manipulation of mink and 
muskrat popUlations has been done on North American marshes 
in intended behalf of " 'rat ranching" projects, but most published 
or otherwise revealed results are either very difficult to appraise 
or patently faulty. Apart from areas that are too small or that 
have been kept under observation for too brief periods are those 
on which miscellaneous "shotgun prescription" variables are 
introduced through human efforts to improve the yield; and the 
significance of any particular measure is often stilI further 
obscured by deficiencies in records and by uncritical (if not 
actually biased) interpretation of evidence. In some cases outright 
suppression or distortion of facts with selfish motivation may 
be suspected. ' 
All in all, however, the shortcomings of a great many "experi-
ments" relating to management or conservation of free-living wild 
species take a rather generalized form. The' unsatisfactory 
status (alleged or veritable) of a species the encouragement of 
which is desired will probably be ascribed to predation (or to 
something else). Following remedial action, the status of the 
species is said to be, and possibly is, improved. Perhaps definite 
figures are available for comparison; perhaps the difference in 
status is due only to someone's "impression." When changes are 
demonstrable, perhaps they are truly significant, perhaps of most 
dubious meaning and subject to anyone of numerous altenntive 
explanations. Involved in the equation may be questions of 
species mobility and adjustment, of phases of abundance cycles 
or recoveries from emergencies, or of something wholly unknown. 
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The frequency with which a "good" year naturally follows a 
"poor" year, and vice versa, may give a spurious aspect of validity 
to the findings of short-term experiments in wildlife pro-
ductivity,55 and, in the event of continued unsatisfactory status of 
the species expected to benefit, it is altogether too easy to con-
jecture how much worse the situation would have been had no 
management measures been taken. 
My wish is not to berate anyone for lack of success in. experi-
menting with wild populations "on the land," for it assuredly 
is often hard enough even to try anything. It has been written of 
predator-prey relations other than between minks and muskrats 
that " ... experimentation has been beset by obstacles, largely 
because of expense, the difficulty of securing authority over 
suitable acreages, and, finally, the difficulty of doing, or getting 
done, field research of acceptable quality over a significant 
period of time" (35, p. 422), but this applies with equal truth 
to minks and muskrats. Granted that few persons or "agencies 
having funds, facilities, personnel, and interest" may be in a 
position to undertake the sort of experimentation needed for a 
clearer understanding of the population and management aspects 
of mihk predation upon muskrats, the potentialities of an ex-
perimental approach are such, nevertheless, that an outline of 
suggested procedure should be appropriate. 
In view of certain evident requirements, a scientifically 
acceptable experimental investigation of mink-muskrat relations 
could hardly be carried on by other than public or similar 
agencies capable of coordinated, large-scale operations. The cash 
outlay needed for a program should be comparatively small if 
the supervisional work and the enforcement of trapping and 
protective regulations could be handled by persons already having 
duties of this type in, let us say, a state conservation commission. 
Winter (when fur value~ are high) being the optimum time for 
practically all experimental reduction of mink populations, and 
harvesting muskrat crops for comparison of yields, there usually 
should be no lack of immediate economic incentive for most of 
the trapping desired on given areas.56 Some inducement besides 
income from the pelts may be necessary to insure the mink 
trapping of annihilative intensity that experiments may call for, 
55 The tendency for population recoveries In many vertebrates to 
vary Inversely with breeding densities is an especially fertiIc source 
of error, "and analytical dissertations on good or bad breeding seasons 
faU very short ... if made without reference to density factors when 
these are the most influential of aU" (40, p. 177). 
56 Organizations sponsoring experiments should be prepared for 
possible losses in either or both mink and muskrat pelt yields Incidental 
to experimentation, but their problems in this respect should be no 
greater than those of sponsors of other experiments Involving economic 
values. 
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but by far the outstanding limitations seem to be inherent in 
area requirements. 
Ideally, an area should consist of reasonably homogeneous 
mink and muskrat environment and should be large enough 
to be subdivided into experimental and check tracts, each of 
sufficient size to include the full home ranges of at least the 
more centrally located minks. From Marshall's (67) study of 
mink movements and my own observations, it would seem that 
full township (36 square miles) subdivisions would be about 
the right size in north-central states, although smaller units might 
be satisfactory if mink movements were restricted by natural 
barriers. Experimental and check subdivisions should be arranged 
in approximately a grid pattern, preferably separated by "buffer" 
zones. On the experimental subdivisions, the minks should be 
as nearly extirpated as possible; on the check subdivisions, they 
should be left unmolested or harvested "normally" for pelts, 
depending upon the objectives of the experiment. The purpose 
of the buffer zones is to permit maximum repression of minks 
on the experimental subdivisions with minimal disturbance of 
the mink populations reserved for checks. Muskrat harvesting 
should be conducted by standard methods on experimental and 
check subdivisions alike, and records kept for each subdivision 
on numbers and value of pelts taken, sex and age ratios, am! 
all quantitative data required for analysis. At appropriate 
intervals (perhaps every three to five years) the experimental 
and check subdivisions should be handled in rotation, which would 
seem to be done best by simple reversal of practices on ex-
perimental and check subdivisions, with retention of the same 
buffer zones. 
In practice, areas suitable for experimentation will probably 
show much irregularity in contour and may consist chiefly of 
lake chains, river valleys, etc., of which each would have its own 
set of administrative and investigational problems. This writing, 
therefore, is not to attempt suggestions in detail but rather to 
emphasize the need for guarding against major analytical errors 
arising through ingress and egress of minks and through the 
complex array of local variables we may expect to exist in any 
habitat at i particular time. The scale of investigation would 
almost certainly have to be extensive enough to diminish the 
prospects for accurately dissociating local variables, but, if mink 
predation is truly a factor limiting muskrat popUlations or 
economic returns from muskrat fur production, it should so 
manifest itself in the year-to-year returns from a carefully 
executed experimental program. 
Questions as to qualifications of prospective personnel for 
handling a program in which at least the time investment will be 
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heavy may not be at all easy to answer. Of foremost importance 
is the question of whether a man, aside from the matter. of his 
training and experience, has "that imponderable combination of 
curiosity, skepticism, and objectivity known as the 'scientific 
attitude'" (65), ". . . is brave in the defense of truth, but 
humble before the mysteries of nature" (83). 
An experimenter should avoid all predicting of results, if only 
as insurance against misleading impressions and influence by 
considerations other than the truth. The truth, too, being "of 
many faces," can\1ot be expected to be strictly consistent in its 
manifestations to the human mind. Some regional differences 
in research findings, for instance, may be so pronounced as to 
appear fundamental without there necessarily being any grounds 
for doubting their respective validities. 
How much the results of a thorough experimental investigation 
of mink predation upon muskrats may differ from the conclusions 
drawn from observational studies is not readily to be conjectured. 
Quite conceivable it is that experiments even in the north-central 
region might indicate less complete intercompensation than my 
work would currently seem to. But, whatever we don't know 
about predation, we should by this time recognize that it isn't 
always the sort of phenomenon that it is commonly assumed to 
be. Gabrielson, with years of field and administrative experience 
behind him, has recently written on the subject of predator 
control: "To remedy some of the difficulties obviously will 
require more study, especially more accurate determination of the 
effect of predation on animal populations. Such information, 
where available, may completely change present concepts of this 
very complicated problem." (49, p. 209). 
DISCUSSION 
As a philosophical subject, mink predation upon muskrats 
would appear especially inviting, as in North America it un-
doubtedly represents one of the greatest pressures from wild 
flesh-eaters suffered by one of the more prolific native rodents. 
The possible role of predation as an agency in natural selection 
has received much attention in the decades following its emphasis 
by Darwin (16), and controversy centered upon it is not likely 
to end for a long time to come. My personal views, after having 
vacillated from extreme to extreme since undergraduate days, 
now seem stabilized (or deadlocked) somewhere between distrust 
of the general run of academic speculations and distrust of my 
own ability to recognize more than very limited aspects of the 
truth even when it may be before me. 
In brief, I confess that I know little enough about natural 
selection, hence advance the following paragraphs chiefly for 
their possible value in rounding out this analysis. 
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One widely held apparent misconception has to do with muskrat 
fecundity as a safeguard against undue depletion of the species 
through predation. It is true that unusually severe losses of 
young may be partially offset by prolongation of breeding, as on 
Round Lake in 1935, but the Iowa data, as interpreted, do not 
support the thesis that the muskrat has to be as prolific as it 
is to maintain itself in the face of its many enemies and that, 
moreover, the more prolific a race of muskrats may be, the 
better it is adjusted to withstand predator pressure. It seems 
highly probable that the more prolific a race is, the more preda-
tion it will draw, which is a different thing from keeping ahead 
of its enemies through sheer rapidity of increase. Here, again, 
the old "fallacies of misplaced concreteness" add their confusion, 
to perceive which we need but remind ourselves of the nature 
of predation upon the muskrats. 
Patently, the self-limiting mechanisms behind muskrat popu-
lation phenomena operate only partially through reduction in 
numbers of individuals born per breeding female and then largely 
during periods of emergency or in years marked by either 
extremely low or extremely high muskrat densities. For the 
majority of low to moderate density muskrat populations observed 
in the course of the Iowa researches, recovery during "normal" 
breeding seasons tended to be more or less predetermined by 
intraspecific and habitat factors, irrespective of the average 
numbers of young born per female and the population status of 
such predators as minks. The theoretical advantages of many or 
larger litters are in "good measure nullified by greater wastage, 
through intraspecific strife if through no other medium. Converse-
ly, the theoretical disadvantages of few or smaller litters become 
counterbalanced by superior chances for survival of the young 
that are born, with resultant diminishing in manifestations of 
predation. 
One hundred sixty-three evidently complete Iowa litters of 
01ldatra z. zibethicus averaged 6.5 young shortly after birth (36, 
p. 467 and unpublished), in contrast with Smith's Maryland 
averages of 4.4 fetuses for 10 trapped pregnant females and 3 
young for 27 litters of O. z. 11Iacrodon born in experimental pens 
(93, p. 17). Yet published trapping yields from southern New 
Jersey (82, p. 529), Delaware (97, pp. 8-9), and Maryland (5, 
pp. 288-293; 62, pp. 9-11) bear much resemblance to those 
commonly obtained -on Iowa a~d South Dakota marshes, poor 
seasons and good. The muskrat trapping yield from a 300-acre 
privately-owned tract of the Mud Lake area, northwest Iowa, 
averaged more than three pelts per acre for the last six open 
seasons for trapping (1934-39, 1940-41), with a catch during 
the peak year that averaged about nine per acre (letters, Joe 
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Kautzky, Jr., March 23, 1938, and March 4, 1941). A slough of 
5.5 acres had the heaviest muskrat population I ever had an 
opportunity to exploit during my South Dakota experience; in 
1921-22, 56 were taken from this place in two days, and a total 
6f 45 from another ·slough of slightly larger size. Yields per 
acre of O. z. rivalicius61 pelts from Louisiana marshes appear to 
be much higher (5, pp. 314,316) than those reported for northern 
subspecies, despite the fact that the size of litters averages less 
than four young (5, p. 218; 101, p. 23).58 
It appears more reasonable that a higher biotic potential on the 
part of O. z. zibathicus would be of far less advantage in enabling 
it to cope with enemies59 than in permitting this subspecies 
quickly to fill up depopulated habitats. It is the moderately low 
population in a good habitat that shows the greatest reproductive 
resilience during a good breeding season - with as many as 
four litters born per female and averages as high as 19 young 
actually raised per female by fall (38, p. 87) - and the character-
istic instability of water levels of so many prairie marshes of 
northern United States may offer a greater test of survival 
value than is experienced by either the Maryland or the Louisiana 
subspecies. Other regions of the continent admittedly are not 
free from water fluctuations, Qut, to get an idea of marsh vicissi-
tudes of the northern plains and prairies, the reader should take 
into account not only the Great Drouth of the Thirties but also 
the lesser drouths of "normal" years that affect one marsh and 
miss its neighbor, the irregular and unpredictable "dry spells" 
that may expose a given marsh bottom half a dozen times in as 
many months or that may depopulate a habitat one season and 
leave it with good water levels and lush vegetation - and barren 
of muskrats - the next. 
Unlike predation, which operates chiefly as a secondary or an 
incidental factor in muskrat mortality, drouths of the north-
central prairies typically cut deeply into muskrat populations and 
may bring about the " ... important case ... " referred to by 
Wright (111, p. 243) " ... where local popUlations are liable 
to frequent extinction, with restoration from the progeny of a 
few stray immigrants. In such regions the line of continuity of 
large populations may have passed repeatedly through extremely 
small numbers even though the species has at all times included 
51 Systematic sta~us after Davis and Lowry (17). 
58 But we must consider the unverified likelihood that Louisiana 
muskrats may on the average have a larger number of litters per year. 
59 Trappers included, who generally trap as closely as Is Immediately 
profitable, regardless of a wide range of variation in annual produc-
tivity of the muskrats (34, pp. 182-183; 37, pp. 173-174, 179-180). 
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countless millions of individuals in its range as a whole . . ." On 
my former trapping grounds in Brookings County, South Dakota, 
muskrats had been practically exterminated by drouth by the 
summer of 1934, except for a few still persisting in stream bed 
pools of the Big Sioux River; on the Tetonkeha Lakes " ... a 
muskrat population . . . was plainly building up in 1938 after 
virtual absence from 1934 to 1936" (37, p. 179) - with such 
rapidity, in fact, that thousands were trapped two years l~ter. 
Severtzoff (90, p. 416) emphasizes the importance of rapid 
recovery to a species after an abiotic "plague," and, to this extent, 
the muskrat data would seem to bear out his views, however they 
may fail to support his generalizations as to importance of 
numbers of predators in the regulation of popUlations of verte-
brate prey animals. 
I f any factor in the ecology of north-central muskrats has a 
selective influence, I should think that it would be drouth, but I 
would hesitate to say how selective that may be. In mid-summer, 
1936 and 1939, after heavy general mortality from drouth had 
occurred, many of the lodges last occupied by muskrats in 
northern Iowa marshes (Dewey's Pasture and Cheever Lake) 
were dug out, and in these were found, besides a dead adult 
and 14 dead young, 7 live adults and 28 live young of ages 
varying from about 5 to 12 weeks. It is granted that in a given 
lodge the obviously larger, stronger, and older (hence more 
experienced) individuals have the advantage in survival and that 
the very last remnants of a drouth-exposed population may 
consist almost wholly of adults. The late survival of the Dewey's 
Pasture and Cheever Lake sizes of' young long after the main 
periods of decimation (during which hundreds of better equipped 
individuals, including adults, had lost their lives) nevertheless 
may be some indication of the limited selectivity exerted even 
by the ordeal of drouth exposure. 
When one considers, in addition to the immature, the under-
nourished, diseased, and wounded animals that may still be alive 
in localized groups after weeks or months of drouth exposure, 
the importance of chance in determining survival is re-emphasized, 
for none of these animals, on their own merits, should enj.oy a 
survival advantage over the average adult. So far as adults 
are concerned, differences in temperament, adaptability and 
physical prowess may increase an individual's prospects for 
staying alive during a prolonged drouth emergency. The ecological 
situation in home range and available habitat, however, upon 
which the survival of an individual and its progeny in the long 
run depends, is often so unconnected with any recognizable dif-
ferences in muskrat adaptations or behavior that the net selective 
effect of a drouth emergency, or phases thereof, must be accord-
ingly diminished. 
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There is certainly much in this that conforms to McAtee's 
contentions as to the survival of the ordinary; "Instead of organ-
isms living longest because they are fittest it is apparent that they 
may develop more and more fitness the longer they live (senile 
deterioration excepted)" (72, p. 240); "It is evident, moreover 
. . . that elimination, which bears most heavily upon the immature 
stages, tends to be highly indiscriminate. For this reason also 
it is very probable that, as a rule, not 'fittest,' but commonplace 
specimens survive to propagate the race" (73, p. 62). 
It seems to me, on the other hand, that McAtee underrates the 
argument of "those who believe that the requirements of evolu-
tionary theory will be met by a small degree of 'selection' among 
the residue that have survived the hazards of immaturity" (73, 
p. 59), at the same time perhaps overrating the completeness 
with which even extraordinary natural cataclysms eliminate popu-
lations on a regional scale.60 
The views of \i\fright look as convincing as any I have seen 
summarized, notably as given in the conclusion of one of his 
papers (110, pp. 365-366) : 
"The paleontologists present a picture which has been inter-
preted by some as irreconcilable with the Mendelian mechanism, 
but this seems to be due more to failure to appreciate statistical 
consquences of this mechanism than to anything in the data. The 
horse has been the standard example of an orthogenetic evolution-
ary sequence preserved for us with an abundance of material. 
Yet Mathew's.. . [ (69)] interpretation as one in which 
evolution has proceeded by extensive differentiation of local 
races, intergroup selection, and crossbreeding is as close as 
possible to that required under the Mendelian theory. 
". . . The most general conclusion is that evolution depends 
on a certain balance among its factors. There must be gene 
mutation, but an excessive rate gives an array of freaks, not 
evolution; there must be selection, but too severe a process 
destroys the field of variability, and thus the basis for further 
advance; prevalence of local inbreeding within a species has 
extremely important evolutionary consequences, but too close 
inbreeding leads merely to extinction. . . . 
" ... under biparental reproduction a very low rate of mutation 
balanced by moderate selection is enough to maintain a practically 
infinite field of possible gene combinations within the species. 
The field actually occupied is relatively small though sufficiently 
60 Besides the muskrat, r happen to have made long-term Intensive 
studies of one other vertebrate species under conditions of grave 
emergency; the bobwhite quail winter-kills to some extent nearly 
every year on the northern fringe of its geographic range (39, 44), and 
the winter of 1935-36 probably imposed the most terrific test of a 
century; yet, even in the spring of this winter of blizzards and extreme 
cold, there were a few birds surviving in practically' all major areas 
of the previously occupied frontier (unpublished MS). 
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extensive that no two individuals have the same genetic con-
stitution. The course of evolution through the general field is 
not controlled directly by mutation and not directly by selection, 
except as conditions change, but by a trial and error mechanism 
consisting of a largely nonadaptive differentiation of local races 
(due to inbreeding balanced by occasional crossbreeding) and a 
determination of long time trend by intergroup selection. The 
splitting of species depends on the effects of more complete 
isolation, often made permanent by the accumulation of chromo-
some aberrations, usually of the balanced type. Studies of natural 
species indicate that the conditions for such an evolutionary 
process are often present." . 
It is quite conceivable, therefore, that the cumulative effects 
of drouths on the evolution of plains and prairie muskrats may 
be considerable, especially insofar as drouth may be a drastically 
lethal factor but not one likely to be clean-sweeping throughout a 
whole region. Mink predation, in contrast, for all of its occasional 
deadliness to young and handicapped muskrats, does not have 
the sort of action I would expect of a highly selective agency, 
and my inclination is to doubt that the muskrat would be a much 
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Appendix A - SOOPE AND TEOHNICAL APPRAISAL OF MINK-MUSKRAT 
STUDIES, 1915-42, NORTH-OENTRAL UNITED STATES. 
Type, location, and 
size of area under 
observation 
Various streams, 
lakes and marshes, 
Brookings 00., east· 
ern South Dakota, 
about 6 square miles 
Upper Red Lake and 
Tamarac River, Bel· 
trami and Koochi· 
ching Oounties, 
northern Minnesota, 
perhaps 15 square 
miles 
Oakwood and Te-
tonkeha lakes and 
marshes and Big 
Sioux River bottom· 
lands, Brookings 
00., eastern South 
Dakota, about 11 
square miles 
Plum Oreek, an In-
termittently flowing 
stream in semi-arid 
HBakon 00., western 
South Dakota, 
6-mile stretch 
Southwest corner of 
Lake Wingra, S. of 
Madison, southern 
Wisconsin, marshy 
























SlIlient types and special 
aspects of data on mink-
muskrllt relationships 
Elementary and general, l 
chiefly of fall and winter 
origin and relating to sub· 
stantial populations of both I 
minks and muskrats 
I General, rellecting predation 
by low mink densities upon 
muskrats Wintering in a 
food·poor, ice· bound habitat 
General; heavy lake and 
marsh populations of both 
minks and muskrats, fall 
and winter of 1921-22; 
feeding trends of lake- and 
marsh·dwelling minks, 
summer, 1922 
General; low mink and high 
muskrat densities, especially 
in lakeshore habitats; lethal 
aspects of winter,wandering 
by muskrats 
Drouth reactions; moderate 
to exceeding low densities of 
minks and muskrats -low 
densities notably from 1984 
to 1936 when large tracts of 
dried·out habitat were virtu· 
ally devoid of these species 




and drouth reactions of 
muskrats in marginal 














Population status of musk-
rats in marginal habitats, 
especially during highly 























<lata with limi· 
tations attrib-





upon amount of 





preta tions of 
many of the 
data were 
faulty 





Type, location, and 
size of area under 
o bserva tion 
Small stream of . 
cooperative State 
Game Management 
area S. of Ottumwa, 
southeast Iowa, 
about 800 acres 
Area in vicinity of 
discontinued State 
Game Farm in Mis-
sissippi River bot-
tomlands, N. E. of 
Lansing, northeast 
Iowa, about 68 acres 
Brenton's Slough, a 
small marsh N. W_ 
of Des Moines, cen-
tral Iowa, SO acres 
Mud Lake (Olay 
Oounty), a private-
ly owned marsh, N. 
of Ruthven, north-
west Iowa, 300 
acres 
Straightened mouth 1 
of Squaw Oreek, 
S. E. of Ames, cen-
tral Iowa, lh -mile II 
stretch 
Straightened 
channel of Skunk 
River, S. E. of 
Ames, central Iowa, 
I-mile stretch 
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Salient types and special 




ha vior in large stream 
habitats 
General 
:r.luskrat densities and vul-
nerability 
General; muskrat densities 
and vulnerability 
Muskrat densities and vul-
nerability; heavy populations 
of minks and muskrats, 
1933-34; intercomp!!Jlsatory 
trends in loss rates of musk-
rats; muskrat productivity 
reflected by trapping catches, 
winter, 1934-35 
Muskrat densities and vul-
nerability; drouth reactions, 
1936; muskrat productivity 
reflected by trapping catches 
Muskrat densities and vul-
nerability; drouth reactions, 
summer and fall, 1939; 
muskrat productivity re-
flected by trapping catches, 
winters, 19<17-39, 1940-41 
General 
Muskrat densities and vul-
nerability; drouth reactions, 



















lent, even if 
1933 observa-
tions were made 
incidental to 








lent; best data 
from late sum-
mer and fall, 
1936 
Poor to good; 













Type, location, and 
size of area under 
observation 
Straightened 
cbannel of Skunk 
River, S,E, of 
Ames, central Iowa, 
I-mile stretch 
Marshy SoW. car-
ner of Trumbull 
Lake, N. W. of 
Ruthven, northwest 
Iowa, about 8 acres 
Dewey's Pasture, a 
state-owned water-
fowl nesting ground 
N_ of Ruthven, 
northwest Iowa, 
392 acres including 
about 90 acres of 
muskrat habitat 
Green's Slough, II 
state-owned marsh 
N. of Dickens, 
northwest Iowa, 
285 acres 
Skunk Rivor, N. of 
Ames, central Iowa, 
1 ¥.. -mile stretch 
Brown's Slough, a 
marsh N. E. of 
Ruthven, northwest 
Iowa, 370 acres 
Round Lake, a 
State-owned marsh 
and wildlife refuge 

























Springs to I 




















Salient types and spocial 
aspects of data on mink-
muskrat relationships 
Muskrat densities and vul-
nerability; drouth reactions, 
Bummer, 1934, summers and 
falls, 1937 and 1939; winter 
vulnerability of muskrats to 
predation, 1934-35, 1936-37, 
and 1939-40 
General 
General; vulnerability of 
muskrat occupants of small 
marshes 
Densities and vulnerability of 
muskrat occupants of small 
marshes during a highly le-
thaI summer and fall drouth; 
details of mechanics and so-
quences of predation upon 
drouth-exposed muskrats 
General; drouth reactions, 
summer, 1936 
General; vulnerability of 
muskrats in oxbow pools, 
summer, 1933 
General 
General; muskrat densities 
and vulnerability 
Muskrat densities and vnl-
nerability; intercompensa-
tory trends in muskrat loss 
rates; drouth reactions, sum-
mers and falls, 1936 and 
1939; winter vulnerability of 
muskrats, 1935-39; sex and 
age composition of muskrat 
populations, 1936-40; ex-
ceptionally heavy popUlations 
of both minks and muskrats, 
1935 



















































1935, spring to 
fall, 1936, and 
summer, 1938) 
Inferior because 
of fewness of 
visits 
Type, location, and 
size of area under 
observation 
Smith's Slougb, a 
marsh N. of Rutb· 
ven, northwest 
Iowa 414 acres , 
Sloughs comprisinp 
S. W. part of Virgm 
Lake, S. of Ruth· 
ven, northwest 
Iowa, totaling 
about 80 acres 
Ounningham Slough; 




S. S. E. of Ames, 
central Iowa, 
1 ¥.a ·mile stretch 
Squaw Creek, N. W. 
of Ames, central 
Iowa, 7 ·mile 
stretch 
Keigley's Branch. 
a small creek S. W. 
of Story City, cen· 
tral Iowa, l·mile 
stretch 
Lake La Verne, a 
small artillcial lake 
on the campus of 
Iowa State Oollege, 
Ames, central Iowa 
Elk Lake, S. S. W. 
of Ruthven, north· 
west Iowa, ¥.J·mile 
stretch of shoreline 
I 
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Salient types and special 
aspects of data on mink· 
muskrat relationships 
General 





Muskrat densities and vul· 
nerability: drouth reactions; j 
intercompensatory trends in 
muskrat loss rates 
General; muskrat densities I 
and vulnerability 
I 
Muskrat densities and vul· 
nerability; drouth reactions, 
summers, 1934 and 1936 
Muskrat densities and vul· 
nerability; drouth reactions, 
falls, 1937 and 1939. early 
summer, 1940: flood rene .. 
tions, late summer, 1940; 
critical breeding thresholds 
of mu&krats, summer, 1938: 
sex and age composition of 
muskrat populations, 1938, 
1940-41: reactions to wet 
summer, 1941 
Muskrat densities and vul· 
nerability: drouth 
1934 and 1936 
reactions, 
Muskrat densities and vul· 
norability; drouth reactions, 
falls, 1937 and 1939, early 
summer, 1940; flood reo 
actions, late summer, 1940: 
winter predation, 1937-38 
and 1939-40; sex and age 
composition of muskrat popu· 
lations, 1938. 1940-41 
Muskrat densities and vul· 
nerability. Behavior of 
minks and muskrats in a 
city park habitat 
Vulnerability and breeding I 
densities of muskrats living 
along the shore of an open· 






























mer, 1937, to 
spring, 1938, 
late summer, 
1938, to winter, 
1938-39, spring 


















Type, location, and 
size of area under 
observation 
Potholes in old 
channel of lower 
Squaw Oreek, S. E. 




W. S. W. Story City, 
central Iowa, 
l·mile stretch 
Onion Oreek, a 
small stream N. W. 
of Ontario, central 
Iowa, llh-mile 
stretch 
Des Moines River, 
Ledges State Park, 
S. of Boone, central 
Iowa, 2-mile stretch 
Squaw Creek, N. W. 
of Gilbert, central 
Iowa, 2·mile stretch 
Little WaH Lake. a 
state· owned marsh 
S. of Jewell. cen· 
tral Iowa, 230 
,cres 
Small slough S. of 
Graettinger, north· 
west Iowa, about 
3 ncres 
Whitford's Slough, 

























































Salient types and special 
I 
Oomparative 
aspects of data on mink- quality of 
muskrat relationships data 
General; muskrat densities 
and vulnerability in very 
Good 
poor habitat 
VUI'I Muskrat densities and Mainly nerability inferior 
Muskrat densities and vul· Fair 
nerability 
lIIuskrat densities and vul· Good to 
nerability; mink predation 
upon insecurely situated 
wintering muskrats, 1941-42 
excellent 
General Fair 
1I1uskrat densities and vul· lIlRinly good to 
ner"bility; drouth reactions, excellent 
falls of 1937 and 1939, early 
summer, 1940; flood reac-
tions, late summer, 1940; 
winter pred"tion, 1937-38 
and 1939-40; sex and age 
composition of muskrat 
populations, 1941 
Muskrat densities and vul· Excellent 
nerability; drouth reactions (principlII IIrea 
at 1111 seasons of the year; for intensive 
repopulation phenomena fol· studies, winter, 
lowing annihilative losses; 1936-37, to 
critical breeding thresholds fal1, 1937) 
of muskrats; intercompensa-
tory trends in muskrat loss 
rates 
Muskrat densities and VUl-1 Good 
nerability during an extreme 
drouth crisis 
Drouth reactions Fair 
lIfuskrat densities lind vnl· I Good 
nerability 
lIruskrat densities and vnl· 
nerability with special refer-
ence to correlation of musk-
rat security with quality of 
food supply; sex and age 
composition of muskrat popu· 





1937, to winter, 
1937-38, lind 
fall, 1939) 
Type, location, and 
size of area under 
observation 
Drainage ditch 
W_ S. W. of Story 
City, central Iowa, 
tAl ·mile stretch 
Small creek S. W. 




S. E. of 1Iiackey, 
central Iowa, 
%'mile stretch 
Small slough S. of 
Round Lake, N.W. 
of Ruthven, north-
west Io,v3, perhaps 
1 acre 
Tile·fed ditch lead-
ing to Squaw Creek, 
W. of Gilbert, cen-
tral Iowa, *-mile 
stretch 
Grou~ of 4 small 
sloug s near Boone· 
Story County line, 
W. of Gilbert, cen· 
tral Iowa, total area 
of perhaps 4 acres 
Brook. E. of 
Roland, central 
Iowa, I¥" ·mile 
stretch 
Brook, \V. of Gil-
bert, central Iowa, 
¥.. -mile stretch ' 
Drainage ditch 
W. of Story City, 
ccntml Iowa. 
2-mile stretch 
Cheever Lake, a 
state·owned group 






marsh S. of 
























































Salient types and special 
aspects of data on mink-
muskra t rela tionships 
Muskrat densities and vul· 
nerability; sex and age com-
positions of muskrat popu· 
lations, 1937-38, 1940-41 
Muskrat densities and vul-
nerability in marginal 
haoitat 
General; muskrat densities 
and vulnerability; drouth 
reactions, summers and falls, 
1937 and 1939; sex and age 
composition of muskrat 
populations, 1941 
lIIuskrat breeding densities 
and behavior in marginal 
habitat 
Muskrat densities and vul-
nerability 
1I1uskrat densities and VUl.! 
nerability; drouth reactions; I 
sex and age composition of 
muskrat populations, 
1940-41 
Muskrat densities and vul- I 
nerability in a food-rich but I 
otherwise marginal habitat; 
drouth reactions 
lIIuskrat densities and vul-
nerability in marginal 
habitat 
Muskrat densities and vul· 
nerability in marginal ditch 
habitat 
L Muskrat densities and vul· 
nerability under a wide 
range of conditions; drouth 
reactions; intercompensatory 
trends in muskrat loss rates; 
sex and age composition of 
muskrat populations, 
1939-40 
lIIuskrat densities and vul-
nerability under conditions 
of extreme drouth; intercom-















area for inten~ 
sive studies, 
winter, 1938-













Appendix A (Continued) 
Type, location, and Period I Salient types and special Comparative 
size of area under of obser· aspects of data on mink· ouality of 
observation vation ..... muskrat relationships data 
I 
I 
Wall Lake, a state· Spring, Muskrat densities and vul· Excellent 
owned marsh, 1939, to nerability under drouth con· (principal area 
located between spring, ditions; intercompensatory' for intensive 
Blairsburg and 1942 trends in muskrat loss rates; studies, winter, 
Clarion, central 
I 
sex and age composition of 1939--40, and 
Iowa, 935 acres of muskrat populations, summer and 
which only a small 1940--41 fall, 1940) 
part was muskrat· 
habitable 
Straightened Muskrat densities and vul· 
channel of Skunk Spring to nerability during a season of Fair; indirect 
River, S. of Cam· fall, 1939 low water 
bridge, central 
Spring, Muskrat densities and vul· Excellent Iowa, 3·mile 
stretch 1940, to 
1 
nerability; intercompensa' even if par· 
wintel', tory trends in muskrat loss tially indirect 
1941--42 ra tes ; sex and age compo· 
sition of muskrat popu· 
lations, 1940-41 
Shallow marsh Late Drouth reactions; intercom· Fair 
N. W. of Cheever spring, pensatory trends in muskrat 
Lake, S. W. of 1939. to loss rates 
Estherville, north· winter, 
west Iowa, 30 acres 1940--41 
Keigley's Branch. Summer, Muskrat densities and vul· Fair 
S. S. E. of Story 1939, to nerability; drouth reactions, 
City. central J;owa, spring, 1939 and 1940; sex and age 
l·mile stretch 1942 compostion of muskrat popu· 
lations, 1940-41 
Mud Lake (Emmet Summer, I Vulnerability of lake shore Good 
Co.). an open·water 1939. to 
! 
and wandering muskrats; in· 
lake E. of Walling' winter, tercompensatory trends in 
ford, northwest 1940--41 muskra t loss rates 
Iowa, 363 acres 
Four Mile Lake, Summer, :Afuskra t breeding densities I Fair to 
state·owned marsh 1939, to ,and intercompensatory trends excellent 
W. of Esthervllle. winter. in loss rates during drouth 
northwest Iowa, 1941--42 years in a local area in which 
219 acres minks were scarce; sex and \ 
age composition of muskrat 
population, 1941 
High Lake, an Summer. Vulnerability of lake shore Fair 
open·water lake 1939. to and wandering muskrats; 
E. of Wallingford, winter. intercompensatory trends 
northwest Iowa, 1940--41 in muskra t loss rates 
451 acres 
Skunk River. S. of Summer, lIuskrat densities and vul· Inferior to 
Story City. central 1939. to nerability; drouth reactions; excellent 
Iowa. H!. ·mile winter, sex and age composition of 
stretch 1941-42 muskrat populations. 
I 1940-41 
Mississippi River Summer. Muskrat breeding densities Fair 
bottomlands. N. of 1940 and vulnerability in a 
Lansing. northeast locality where minks were 
Iowa, about 280 scarce 
acres 
rype, location, and 
size of area under 
observation 
Mississippi River 
bottomlands, S. of 
Lansing, northeast 
Iowa, about 50 
acres 
Small marsh in 
Mississippi River 
bottomlands, S. of 
New Albin, north-
east Iowa, about 
3 acres 




Small creek S_ E. 
of Camp Comar, S. 




pits S. E. of Stan-
hope, central Iowa, 
perhaps 10 acres 
Tile·fed roadside 
pools and ditch 
S. W. of Wall Lake, 
between Blairsburg 
and Clarion, central 
Iowa, ¥" -mile 
stretch 
Drainage ditch S. 
of Wall Lake, be· 
tween Blairsburg 
and Olarion, central 
Iowa, 1 ¥.. ·mile 
stretch 
Small pasture brook, 
N. W. Ontario, cen· 
tra! Iowa, *·mile 
stretch 
Roadside ditches, 











































Salient types and special 
aspects of data on mink-
muskrat relationships 
Mukrs"t breeding densities 
and vulnerability in a 
locality where minks were 
scarce 
Drouth reactions 
Muskrat densities and VUI-I 
nerability 
Muskrat densities and vul-
nerability in marginal habi-
tat; drouth reactions; sex 
and age composition of 









Muskrat densities and VUI-I Fair 
nerability 
Muskrat densities and vul- Fair to good 
nerability; drouth reactions, 
1940; sex and age composi-
tion of muskrat population, 
1941 
Muskrat densities and vul· Good 
nerability; drouth reactions; 
sex and age composition of 
a muskrat population, 1940; 
eviction by dredging, 1941 
Vulnerability of a precari- Good 
ously situated wintering 
popula tion of muskra ts 
Muskrat densities, behavior, I Good 
and vulnerability in marginal i 
habitat 
Appendix B~OBSERVED WOUNDS RESULTING FROM INTRASPECIFIC ATTACKS OF IOWA MUSKRATS 
NOTE: The following data do not refer to bites on dead animals as by scavenging muskrats, to old scars, wounds of doubtful 
origin, etc. Insofar as many victims of intraspecific wounds were merely mentioned as such in the notes and as many of tbe skinned 
carcasses obtained from trappers gave little evidence as to the nature of strife wounds the animals had suffered, the data should be COn-
































Mature male, in excel-
lent condition 
JlIa ture female 
Me. ture male 
Rather small, doubtless 




Dead on shore I Mature male in very 
of marsh poor condition 
Collected from 
nest impro-
vised on shore 
of marsh 
Partly eaten 
by mink on 
shore 
J\I .. ture male 
Description of wounds clearly or 
evidently of intraspecific origin 
Freshly healed superficial wound at base 
of tail 
Fairly fresh wound 'over shoulder 
A few rather small, recently healed 
wounds about hindquarters 
Fresh wounds on back over lower thorax 
plainly visible at a distance of a few yards 
A few recently healed wounds mainly on 
hindquarters 
Recently healed wounds on tail and fresher 















Severe wounds at base of tail and about I Fatal 
hindqnarters; two toes nearly cut from a 
fore foot 
Abdominal wounds 
A great hole in side of abdomen 
Two minor cuts on tail, one on a fore foot, I Not serious 
one over a shoulder and a suppurated area 
of about 20 sq. em. over sacrum - the 
latter area the result of three closely-
spaced fresh bites 
An ugly, partly healed wound near base Doubtless a 































by mink on 
shore 
Dead, floating 





marsh, in com~ 
pany with a 
young of a bout 
two months 
Dead on top 
of lodge 
Dead in lodge 
Dead on flat-
tened lodge 
Dead on top 
of lodge 
Dead in lodge 




Unmated mature female 
~fature male 
Young of about 20 days 
Newly weaned young of 
30 days 
Young of 27 days 
Young of 28 days 
Young of 20 days 
Young of sbout 40 
Young of 31 dayB 
days 
Description of wounds clearly or 
evidently of intraspecific origin 
Two rather severe, recent wounds about 
sacral region and rump 
Fresh, superficial wound on abdomen 
Recent wounds on rump and on abdomen I in front of genitalia 
I Recently healed wound over sacrum and some scars of older wounds on back 
I Recently healed wound over sacrum proba-bly received about three weeks before 
I-Bitten about hend and abdomen 
I Victim had been bitten twice in abdominal I region and it had crawled up on bed of lodge chamber with intestines hanging out 
Bites about nose and chin 
I 
I Wound in side through which stomach snd I intestines had come out 
Severe bites about head 
I Severe wounds about abdomen and under I a foreleg 










































Young of 35 days 
Young of 42 days 
Dead on lodge Young of about one 
month 
Dead on rush 
pile 
Young of about 35 days 
Dead in lodge .. 
Dead on rushy I Young of 48 days 
mat near shore 
of marsh 
Sitting dazed Young of approximately 
in rushes in two months 
marsh 
Dead on lodge 
Dead in lodge 
Four dead and 
one dying in 
lodge . 




Young of 15 days 
.. 
Young of 20 days 
Five young of a litter of 
13 days 
I 
\ Young of about 40 
I Young of 31 days 
days 
Description of wounds clearly or 
evidently of intraspecific origin 
One long gash extended from base of tail 
to heel of hind foot; another, from dorsal 
base of tail around to anus. Considerable 
amount of 1!esh was torn, exposing one of 
the innominates 
Severe gash over hip 
At least a wound in side through which 
intestines had come out 
Severe wound across breast 
Severe wounds about hindquarters 
Wounds in back 
Wounds about head, especially a bite 
through an ear. Victim seemed to lack 
equilibrium 
A wide gash bn forequarters exposed a 
scapula 
Wound in abdomen 
Two bites in head, including one through 
brain 
One of the dead had two abdominal gashes; 
another, a wound in side below kidney; 
another was badly cut about head and 
thorax; and the fourth had been bitten 
about nOse and jaw. The dying one had a 
broken nose and jaw but no cuts 
Wounds on body and skin slashed in 
sacral region 








































Dead in lodge 
Dead in trail 
near lodge 
Dead on nest 
Collected from 
marsh 





Appendix B ( Continued) 
Description 
of victim 
Young of 33 days 
Young of 32 days 
Young of four days 
Subadult female 
Adult male 
Adult female, in good 
flesh 
Description of wounds clearly or 
evidently of intraspecific origin 
Intestines exposed by abdominal wound 
Forequarters of victim had been eaten, and 
remains had tooth marks of a partly grown 
young. An individual of about 35 days 
was seen to leave the nest, where two 
bloody (but uninjured) young remained 
alive of a litter of 8 that had been there 
the previous day 






Two recent bites in kidney region I Fatal 
Two very severe wounds on abdomen just Probably fatal 
below sternum. These Were crawling in time 
masses of fly larvae, Which had also at· 
tackcd parts of liver and intestines 
Dead in pas· Rather small adult Wounds on abdomen Fatal 
sageway be· female 
tween two dry 
marshes 
Dead on shore 
of marsh 
Collected on 
ice of marsh 
Rather small adult male , Wound iu kidnelt region 
Subadult male I'wound in abdomen 
Adult male I Wounds on back 
Sub adult fomale I Wounds of two recent ages, including 
I severe ones about hindquarters 
Very thin subadult male I Wounds over much of body but chiefly On 
hindquarters 
























ice of marsh 
.. 













Caught on land I 
trail near ditch I 
by private 1 
trapper I 
Caught on I 
nearly dry I 
marsh by pri-
vate trapper 1 
Dead, frozen I 
in ice near 1 
shore of 1 
marsh I 
I 
Dead on shore I 
of lake 
Collected on I 
shore of marsh I 
1 




ThIn adult male I 
Lean but not emaciated I 
subadult male I 
Very thin subadult male I 
I 
Lean but not emaciated 
adult' female, with most 
of flesh self-gnawed from 
about half of frozen tail 
Three adult females. one 
ndult male, one subadult 
female, and one subadult 
male 
Adult male 











Thin adult female, a trap III 
cripple from a previous 
trapping season I 
Thin, small, adult female i 
I 
Description of wounds clearly or 
evidently of intraspecific origin 
'Vounds of varying ages, mostly recent, 
about hindquarters 
Severe wounds on hindquarters; minor 
wounds on nOse and a hind toe 
'Vounds over much of body, and carcass 
had been defecatld upon by other muskrats 
Severe, nearly healed wound below ster-
num and a wound in the region of a kidney 
through which putrid intestinal contents 
had penetrated 
All six were chewed up to some extent, the 
two subadults most severely_ The sub-
adult male had a IO-gram abscess under 
throat, and the subadult female had its 
intestine exposed by a wound over a kidney 
Recent wound in back 
Severe healing wound on hind leg, a fresh 
wound on head, and most of tail recently 
cut off 
Wounds On back exposing body cavity. 
Victim had been plaste,red with mud and 
covered with feces by muskrats 
Wounds in back 










serious for the 
adults but ulti-

























shore of marsh 
Dead on shore 
of marsh 
Dead on dry 
marsh, with a 
fox scat on it 
but no evi-
dence of hav-
ing been bitten 
by the fox 
Appendix B (Continued) 
Description 
of victim 
Description of wounds clearly or 
evidently of intraspecific origin 
Adult male in good flesh Severe wounds a bout hindquarters, in-
Adult female 
Adult male in good flesh 
Adult male 
cluding one that was abscessed 
Recen tly healed wounds on neck and rump 
Sovcral recently healed minor wounds, 
chiefly on underparts, and one rather 
fresh wound 
'Vounds on throat and head 
Thin adult male, proba- lI1any intraspecific wounds, the chief being 
bly a wanderer above a kidney 
Collected from Thin, small, ndult male 
dry marsh 
Several recently healed wounds on back 
Lean but healthy-appear- I Recently healed wound on back 
ing adult male 
Rather thin "kit" male 
Subadult male 
Lean adult female 
Sman, well-hea.led wound on neck 
Recen t wounds on neck 
Several more Or less severe healing 
wounds between forelegs 

















ADDENDUM ON WINTER AND SPRING PREDATION 
. BY MINKS UPON MUSKRATS 
Opportunities for investigating mink predation upon even fairly heavy 
populations of wintering muskrats are of course limited in a state where 
the two species are as assiduously trapped for fur as they usually are in 
Iowa. At the end of the 1942-43 trapping season, January 10, both minks 
and muskrats were probably as abundant in central Iowa stream habitats 
as they had been at this time of year since the beginning of intensive studies 
in 1934. Muskrat densities surviving by mid-winter were estimated at from 
10 to 40 per square mile in those parts of the Squaw Creek valley regularly 
kept under observation. ' 
The field work, continued after the completion of the manuscript of this 
bulletin in 1942, was productive of some exceptionally pertinent data on the 
mechanics of the mink predation to which "normally" situated wintering 
muskrats may be subject, especially in late winter and early spring. The 
present addendum, prepared at the time of proof-reading, May, 1943, 
summarizes the newly acquired evidence bearing upon the more imperfectly 
understood aspects of such predation. 
Until the last week of February, depredations of minks upon muskrats 
wintering in the Squaw Creek valley were light and centered almost entirely 
upon animals trying to live at a disadvantage. Muskrat remains were found 
in none of 10 mink scats from December and January, in two of six 
ascribed to a flood period in early February, and in none of five deposited 
after the flood but before the spring dispersal of the muskrats. Of two 
mink victims the carcasses of which were noted, one was killed about the 
time of the flood. 
The 1943 dispersal clearly started earlier than we had reason to anticipate 
from data obtained in other years. About February ZO, following spring-
like weather, muskrats began wide-spread movements (accompanied by at 
least some breeding). March "cold snaps" terminated most movements 
above ground, but, with each successive thaw, the animals renewed their 
land activities. Dispersing individuals finding themselves in strange environ-
ment when the weather turned cold behaved like ordinary winter wanderers 
and lived where they could, in culverts and open tiles, amid roots of trees, 
in snowdrifts and lodged debris of streams, and in miscellaneous holes. Of 
13 Iowa specimens of March transients examined, 10 were sexually mature 
males, two unbred females, and one female of undetermined sexual status; 
only two of the specimens had strife wounds and those were of males 
examined late in the month, by which time "sign" was to be seen practically 
everywhere in Squaw Creek valley that muskrats would be likely to visit. 
The minks responded to the vulnerability of the dispersing muskrats 
quite as might have been expected. Three victims were found along Squaw 
Creek, and muskrat remains occurred in 14 or 35 percent of 40 mink scats 
deposited from late February to the middle of March, and in 5 or 45 percent 
of 11 deposited in the second half of March. 
By early April, although the habitats were well filled with muskrats that 
seemed to have established themselves in regular residence, little activity of 
923 
transient muskrats was noted in Squaw Creek valley, and only a single 
specimen was obtained, an unbred, strife-wounded .old female. All of 13 
specimens (12 mature males and one unbred old female) of April transients 
from a neighboring drainage system were cut up from intraspecific strife. 
This and 'other evidence demonstrated that the lack of transient activity 
observed at Squaw Creek was not general for this part of the state and, 
together with the absence of muskrat remains in 10 Squaw Creek mink 
scats gathered during the month, suggest that transients of that locality had 
been pretty well eliminated. 
The two large marshy observational areas in central Iowa, Wall Lake 
and Litthi Wall Lake, had excellent stands of vegetation and partially 
restored water levels following a series of dry years. Still much under-
populated but having probably between 100 and 200 muskrats wintering in 
each, these areas were closed to all fur-trapping during the 1942-43 season. 
No evidence of external activity of muskrats was recorded in February and 
March, but the mink scats _revealed the counterpart of the predation that 
took place along the streams, and served to indicate that population tensions 
mounted in the marshes in much the same manner as in the stream habitats 
where events were less obscured by ice and snow. 
Twenty-four mink scats from Wall Lake were examined for the winter 
period ending with the late February thaw, and no muskrat remains were 
found in any of these; of 49 droppings deposited between late February 
and the middle of March, 16 or 33 percent contained muskrat remains. 
From Little Wall Lake we get a picture of more striking change from 
security to vulnerability. Hardly a lodge escaped being dug into by minks, 
and more lodges were abandoned with mink holes left unplugged than were 
kept occupied by the muskrats. Many of the "live" lodges had two or 
more plugged mink holes; some holes were plugged near the outside of the 
lodge, others not far from the central chamber. Some of the larger, 
multiple-chambered lodges were occupied by muskrats on one side and 
"dead" and mink-bored on the other. Despite all this digging, collections 
totaling 103 mink scats deposited from December to the middle of February 
contained no muskrat remains, nor was there other detected evidence of 
minks successfully attacking the muskrats of the marsh. In contrast, 
collections totaling 208 scats for the last half of February to the middle of 
March showed bones or fur of muskrats in 153 or 74 percent. Only 5 or 7 
percent of 69 scats from the second half of March contained muskrat 
remains. 
It is believed on the basis of fairly distinctive tracks that two minks -
a probable large female and a very large male (which was captured and 
released) - lived regularly on Little Wall Lake during the three weeks of 
heaviest mink pressure upon the muskrats. It is also believed that most 
of the scats passed by these minks in this period were handled. If the 
collection of 74 muskrat-containing scats from Skunk River, 1934-35 (see 
table 6), which wete judged to have represented about three and no more 
than four muskrats, may be considered eligible for comparison, then perhaps 
up to 10 or 12 muskrats may have been killed and eaten by the minks at 
Little Wall Lake. The' carcass of a mink kill was found, an old male. 
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The five muskrat-containing scats from the second half of March (fresh, 
March 22) almost certainly represented one victim. Two trips to Little 
Wall Lake in April brought out no evidence either of intraspecific strife 
among the muskrats or of predation upon them. 
A situation of such unusual interest was discovered at-Goose Lake, a 
90-acre marsh east of Jewell, central Iowa, that after preliminary observa-
tions in the fall of 1942, field work was begun there on an intensive basis in 
March, 1943. The marsh had an undetermined but obviously very heavy 
population of muskrats 'entering the winter, and the reported trappers' catch 
of about 460 did not drastically reduce that population. Much "sign" and 
large numbers of muskrats could be seen immediately after the ice went out 
in the last days of March. 
Great as the wintering population was, it suffered little known loss from 
mink predation; none of 47 mink scats deposited from late fall to early 
March contained muskrat remains, though minks did much digging into 
muskrat retreats. In late March, however, many muskrats left wintering 
quarters to travel along the shore and to sit out on the ice. The minks 
responded, 10 of 29 contemporaneously deposited scats containing muskrat 
remains. 
During April, the manifestations of dispersal and intraspecific strife in 
the vicinity of Goose Lake were pronounced. Fighting was witnessed 
especially near shore, where established residents and the transients 
frequently came in contact. The transients lived mainly in the upper parts 
of caved-in bank burrows and in weedy growths of a fallow field. The 
minks did not currently seem to be preying upon them (no muskrat remains 
were found in 14 April scats from a big mink) but the way of life of these 
transients was precarious, indeed. On April 20 alone, 11 freshly and 
recently dead muskrats were examined along less than a mile of shore 
line - chiefly victims of intraspecific strife and dogs. A farmer said that 
he himself had found about a dozen dead ones while plowing; his boy 
thought that there were as many as 25 spring carcasses scattered over the 
farm, which lies adjacent to one side of the marsh. By the last week of 
April, when the breeding population seemed essentially "settled," at least 
10 transients - some with strife wounds noticeable at a distance - were 
still living around the marsh borders, still a vulnerable and probably a 
doomed surplus, whether 'drawing attention from minks or not. 
The possible role of trapping in removing vulnerable muskrats wintering 
at Goose Lake is unproved but should be considered. Moderate that the 
trapping toll undoubtedly was, the methods used were conducive to taking 
the more active animals, hence a large proportion of the insecurely situated 
and those of restless tendencies. In view of average muskrat densities 
perhaps approaching 15 to 20 per acre, it is conceivable that, had the trapping 
not been done, there might have been some conspicuous mink predation in 
mid-winter. 
